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ABSTRACT 


The 

OBJECT 

OF 

THIS 

WORK 

WAS 

TO  STUDY  THE 

DATA 

ON 

WIND  IN 

Alberta 

AND  TO 

EVALUA  TE 

THE  DAMAGE 

DONE 

TO 

Alberta 

S  OILS 

BY 

EROSION . 

Ah, 

Aa,  AND  B 

HORIZON  SOIL  SAMPLES  WERE  COLLECTED  FROM  FOUR  SOIL 

types :  Drumheller  clay,  Lethbridge  loam,  Antler 

loam  and  Peace  Hills  sandy  loam .  The  soils  were 

SUBJECTED  TO  VARIOUS  PHYSICAL  AND  CHEMICAL  ANALYSES . 
A  GREENHOUSE  EXPERIMENT  WAS  ALSO  SET  UP  TO  TEST  THE 
EFFECT  OF  NITROGEN  AND  PHOSPHORUS  FERTILIZERS  ON 
RESTORING  THE  FERTILITY  OF  SOILS  EXPOSED  TO  EROSION. 

The  results  show  that  erosive  winds 
occur  more  frequently  in  the  southern  portion  of  the 
province .  The  low  precipitation  and  lack  of  snow 
cover  put  the  area  of  Lethbridge ,  in  particular,  in 

A  VERY  CRITICAL  POSITION. 

The  chemical  and  physical  analyses  sug¬ 
gest  THAT  THE  CULTIVATED  SOILS  IN  LETHBRIDGE  HAVE 
LOST  THE  Ah  AND  MOST  OF  THE  B  HORIZON  AS  A  RESULT 
OF  EROSION  AND  CULTIVATION.  HOWEVER,  THE  CULTIVATED 
SOILS  AT  THE  PRESENT  TIME  ARE  QUITE  RESISTANT  TO 


>.  '  '  -  '  ' 


.  ,  f-r  , 


1 


'  t 


' 


0  1 


■ 


1 


FURTHER  EROSION  BECAUSE  OE  THE  REMOVAL  OF  FINE  AGGREG¬ 


ATES . 

The  pot  experiment  shows  that  the  fertil¬ 
ity  AND  PRODUCTIVITY  OF  THE  Aa  HORIZON  OE  LETHBRIDGE 
LOAM  IS  LOWER  THAN  THE  Ah  HORIZON.  FlFTY  POUNDS  PER 
ACRE  OF  NITROGEN  OR  ONE  HUNDRED  POUNDS  PER  ACRE  P n0 c 

2  5 

PUSHED  UP  THE  PRODUCTIVITY  OF  Aa  TO  THE  LEVEL  OE  Ah 

horizon.  Wind  erosion  did  not  alter  the  fertility 

OF  THE  OTHER  THREE  SOIL  TYPES .  HOWEVER  THE  B  HORIZON 
IN  THE  PRUMHELLER  CLAY ,  WHICH  WILL  EVENTUALLY  BE 
EXPOSED  BY  EROSION ,  NEEDED  ONE  HUNDRED  POUNDS  PER 


ACRE  OE  NITROGEN  TO  RESTORE  ITS  FERTILITY 
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INTRODUCTION 

Soil  erosion  is  one  of  the  most  serious 

MENACES  TO  OUR  LAND  AND  CONSTITUTES  A  DIRECT  THREAT 
TO  OUR  EXISTENCE.  SlNCE  THE  DAWN  OF  HISTORY,  CIVI¬ 
LIZATIONS  HAVE  ARISEN  IN  AREAS  WHERE  AGRICULTURE  HAS 
PROSPERED  AND  THEY  HAVE  ENDURED  WHERE  THE  SOIL  WAS 
CONSERVED.  MANY  ANCIENT  CIVILIZATIONS  HAVE  DECLINED 
AS  A  RESULT  OF  THE  NEGLECT  OF  CONSERVATION  MEASURES . 

In  1905,  Alberta  became  a  province  with 
A  TOTAL  AREA  UNDER  FIELD  CROPS  OF  000,000  ACRES.  In 
THE  SPRING  OF  1920,  THE  FIRST  SERIOUS  WIND  EROSION 
DAMAGE  TO  ALBERTA  SOILS  WAS  RECORDED  (40).  A  SERIES 
OF  WIND  STORMS  FILLED  ROAD- SI DE  DITCHES  AND  COVERED 
FENCES  WITH  RICH  WIND-BLOWN  TOP  SOIL.  It  WAS  ES¬ 
TIMATED  THAT  MORE  THAN  75,000  ACRES  OF  GRAIN  WERE 
SEVERELY  DAMAGED  THAT  YEAR  IN  THE  AREA  NOW  KNOWN  AS 

the  Lethbridge  Northern  Irrigation  District. 
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Because  of  the  continuous  clearing  of 

THE  NATIVE  COVER.  AND  THE  BRINGING  OF  NEW  LAND  UNDER 
CULTIVATION,  AREAS  EXPOSED  TO  WIND  EROSION  ARE  NO 
LONGER  CONFINED  TO  THE  SOUTHERN  DISTRICTS.  MANY 
AREAS  IN  THE  CENTRAL  PART  OF  THE  PROVINCE  ARE  BEING 
AFFECTED .  It  WAS  REPORTED  IN  A  RECENT  PUBLICATION 
(1)  THAT  DAMAGE  BY  WIND  IN  1959  WAS  HIGHEST  IN  THE 

Drumheller  AREA  (300,000  TO  350,000  acres),  followed 
by  the  Hanna  area  (200,000  acres).  Lethbridge  came 
IN  THIRD  PLACE  (35,000  TO  60,000  ACRES).  OTHER 
AREAS  AFFECTED  BY  EROSION  TOTALLED  145,000  ACRES. 

It  was  also  noted  from  the  same  REPORT  that  WIND 
EROSION  DAMAGE  AT  MEDICINE  Hat  WAS  NEGLIGIBLE. 

Since  no  recent  analytical  data  dealing 

WITH  THE  PROBLEM  WERE  AVAILABLY ,  IT  WAS  THE  AIM  OF 
THE  PRESENT  STUDY  TO  EVALUATE  THE  SERIOUSNESS  OF  THE 
SITUATION.  Do  PHYSICAL  AND  CHEMICAL  ANALYSIS  OF  THE 
VIRGIN  AND  CULTIVATED  SOILS  REVEAL  ANY  IMPORTANT 
DIFFERENCES  RESULTING  FROM  EROSION?  ARE  ERODED  SOILS 
MARKEDLY  INFERIOR  TO  NON-ERODED  SOILS?  If  THEY  ARE, 
CAN  THEIR  FERTILITY  BE  RESTORED  ECONOMICALLY?  HOW 
SERIOUS  ACTUALLY  IS  THE  DAMAGE  THAT  HAS  BEEN  DONE  TO 


Alberta  soils?  The  present  study  is  aimed  at  finding 
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ANSWERS  TO  THESE  QUESTIONS . 


LITERATURE  REVIEW 


Definition  of  Erosion 

In  a  broad  geologic  sense ,  erosion  means 

REMOVAL  OF  THE  EAR TH T S  MANTLE  OF  SOIL  BY  THE  ACTION 
OF  WATER  AND  WIND.  HOWEVER ,  NOT  ALL  KINDS  OF  EROSION 
ARE  DESTRUCTIVE.  MANY  FERTILE  SOILS  WERE  FORMED , 
ACCORDING  TO  THE  U.S.D.A.  SOIL  SURVEY  MANUAL  (50), 

AS  A  RESULT  OF  EROSION  OF  MOUNTAINS  AND  HILLS  AND 
THE  REDEPOSITION  OF  THE  TRANSPORTED  MATERIALS  IN  FAR 
AWAY  LEVEL  AREAS.  It  HAS  ALSO  BEEN  STATED  THAT  ABOUT 
ONE-THIRD  OF  THE  WORLD f  S  POPULATION  IS  BEING  SUPPORTED 
BY  CROPS  GROWING  ON  ALLUVIAL  SOILS.  THE  SOIL  SURVEY 
MANUAL  POINTS  OUT  THAT  IN  APPLIED  SOIL  SCIENCE  THE 
TERM  SOIL  EROSION  IS  USED  IN  A  VERY  RESTRICTED  WAY. 

It  is  often  used  to  indicate  accelerated  soil  erosion. 

RESULTING  FROM  THE  DISTURBANCE  OF  THE  NATURAL  LAND 
SCAPE  THROUGH  HUMAN  ACTIVITIES  AND  EROSIVE  AGENTS.  On 
THE  OTHER  HAND,  KoHNKE  (34)  SUGGESTED  A  MORE  PRECISE 
DEFINITION  -  "UoiL  EROSION  IS  THE  PROCESS  OF  DETACH¬ 
MENT  AND  TRANSPORT ATI  ON  OF  SOIL  MATERIAL  BY  NATURAL 


AGENTS 


He  pointed  out  that  soil  particles  at  the 
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SURFACE  ADHERE  TO  THE  SOIL  BODY  AND  HENCE  THEY  MUST 
BE  SEPARATED  FROM  IT  BEFORE  THEY  ARE  REMOVED . 

SOIL  PROPERTIES  THAT  AFFECT  WIND  EROSION 

The  most  important  soil  properties  that 

AFFECT  EROSION  ARE  1.  TEXTURE,  2 .  RELATIVE  QUANTITY 
OF  WATER-STABLE  SOIL  AGGREGATES  GREATER  THAN  0.5  MM. 
AS  WELL  AS  THOSE  SMALLER  THAN  0.  05  MM.  IN  DIAMETER , 

3.  ORGANIC  MATTER  CONTENT ,  AND  4.  CALCIUM  CARBONATE 
CONTENT . 

Effect  of  Texture  on  Wind  Soil  Erosion 

According  to  Chepil  (18,  21)  soils  of 

COARSE  AND  FINE  TEXTURE  WERE  MORE  SUSCEPTIBLE  TO 
EROSION  THAN  SOILS  WITH  MEDIUM  TEXTURE.  ThI S  WAS 
ATTRIBUTED  TO  THE  WEAK  COHERENCE  OF  THE  COARSELY 
GRAINED  SOILS  AND  THE  TENDENCY  OF  FINE  TEXTURED  SOILS 
TO  BREAK  DOWN  BY  WETTING  AND  DRYING ,  AND  FREEZING  AND 
THAWING.  In  SOILS  WITH  MEDIUM  TEXTURE ,  CONTENT 
OF  SILT  AND  CLAY  PARTICLES  WAS  ENOUGH  TO  INCREASE 
THEIR  COHESION  BUT  INSUFFICIENT  TO  CAUSE  THE  CLODS 
TO  BREAK  DOWN.  FIFTEEN  PER  CENT  OF  CLAY  WAS  THE 


MINIMUM  AMOUNT  NECESSARY  TO  ENSURE  CLODDINESS ,  WHILE 
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AMOUNTS  MORE  THAN  TWENTY-SEVEN  PER  CENT  WERE  DETRI¬ 
MENTAL.  Soils  with  more  than  eighty  per  cent  sand 

WERE  MORE  SUSCEPTIBLE  TO  WIND  EROSION  THAN  ANY 
OTHER  SOIL. 

Effect  of  Hater-Stable  Soil  Aggregates  on  Soil 

Erosion 

ChEPIL  (9,  19)  CONSIDERED  THE  WATER- 

STABLE  SOIL  AGGREGATES  TO  BE  THE  MOST  RESISTANT  SOIL 
CONSTITUENTS  TO  EROSIVE  AGENTS.  SOILS  SUSCEPTIBLE 
TO  EROSION  WERE  FOUND  TO  CONTAIN  MANY  OF  THE  WATER- 
STABLE  SOIL  AGGREGATES  BETWEEN  0.05  AND  0.5  MM.  IN 
DIAMETER ,  WHILE  SOILS  RESISTANT  TO  EROSION  WERE 
FOUND  TO  CONTAIN  A  LARGE  AMOUNT  OF  WATER-STABLE  SOIL 
AGGREGATES  GREATER  THAN  0. 5  MM.  IN  DIAMETER  AS  WELL 
AS  MANY  WATER-STABLE  SOIL  AGGREGATES  AND  PARTICLES 
SMALLER  THAN  0.02  MM.  IN  DIAMETER.  A  HIGH  CORRELA¬ 
TION  WAS  ALSO  FOUND  BETWEEN  THE  RESISTANCE  OF  SOILS 
TO  EROSION  AND  THE  CONTENT  OF  WATER-STABLE  SOIL 
AGGREGATES  GREATER  THAN  0.84  MM.  IN  DIAMETER. 

Effect  of  Organic  Matter  Content  on  Soil 

Erosion 

Moss  (59)  WAS  ONE  OF  THE  EARLIEST  TO 
REPORT  THAT ,  CONTRARY  TO  THE  COMMON  BELIEF ,  DRIFTING 
OCCURRED  IN  SOILS  RICH  IN  ORGANIC  MATTER.  On  THE 
OTHER  HAND ,  YaKUBOV  (53)  IN  THE  U.S.S.R.  FOUND  THAT 
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ORGANIC  NATTER  WAS  NOT  ALWAYS  INDTJCIVE  TO  WIND 

erosion.  However ,  Chepil  (22)  pointed  out  that  the 

PROCESS  OF  DECOMPOSITION  CAUSED  THE  FORMATION  OF 
WIND  RESISTANT  SOIL  AGGREGATES  WHICH  LASTED  DURING 
THE  EARLIER  STAGES  OF  ORGANIC  MATTER  DECOMPOSITION. 

Straw ,  for  example ,  was  found  to  increase  water- 
stable  SOIL  AGGREGATES  GREATER  THAN  0.84  MM.  IN 
DIAMETER.  HUMUS,  ON  THE  OTHER  HAND ,  FORMED  MICRO- 
STRUCTURAL  ELEMENTS  AND  INCREASED  THE  SUSCEPTIBILITY 
OF  SOIL  TO  EROSION  APPRECIABLY. 

Effect  of  Calcium  Carbon  ate  0  on  tent  on  Soil 

Erosion 

Hopkins  (33)  and  Bradfield  (5)  rec ogni zed 

CALCIUM  CARBONATE  AS  AN  IMPORTANT  FACTOR  IN  STIMU¬ 
LATING  SOIL  ERODIBILITY.  HaRDT  (32)  IN  BAVARIA,  AS 
WELL  AS  BLUMEL  (4)  IN  AUSTRIA  AFFIRMED  THE  SAME  FACT. 
According  to  the  latter,  soils  susceptible  to  erosion 

IN  SOUTHERN  VIENNA  WERE  HUMUS  CALCAREOUS .  ChEPIL 

(20)  FOUND  THAT  THE  ADDITION  OF  ONE  TO  FIVE  PER  CENT 
CALCIUM  CARBONATE  TO  CLAY  LOAM  SOILS  HAD  DECREASED 
THEIR  CLODDINESS ,  WHILE  THESE  ADDITIONS  TO  SANDY 
LOAM  SOILS  HAD  DECREASED  THEIR  ERODIBILITY.  GENERALLY 
BOTH  CALCIUM  CARBONATE  AND  HUMUS,  ChEPIL  (22)  ADDED, 
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HAVE  ALWAYS  CAUSED  AN  INCREASE  IN  AGGREGATION  BUT 
AT  THE  EXPENSE  OF  DECREASING  WATER-STABLE  AND  EROSION 
RESISTANT  WATER-STABLE  SOIL  AGGREGATES  SMALLER  THAN 
0.05  MM.  IN  DIAMETER .  The  NEWLY  FORMED  AGGREGATES 
WERE  WITHIN  THE  CRITICAL  LIMITS  OF  0.05  TO  0.50  MM. 

IN  DIAMETER  AND  THUS  SOILS  RICH  IN  HUMUS  AND  CALCIUM 
CARBONATE  WERE  FOUND  TO  BE  VERY  SUSCEPTIBLE  TO  WIND 
EROSION . 

WIND  STUDIES'  IN  RELATION  TO  SOIL  ERODIBILITY 

The  nature  of  wind  at  the  soil  surface 

AS  WELL  AS  THE  DEGREE  OF  ROUGHNESS  OF  SOIL  SURFACE 
ARE  VERY  IMPORTANT  FOR  THE  DEVELOPMENT  OF  WIND 
EROSION . 

Investigations  by  Ohepil  (10  9  11)  and 

YaKUBOV  (52)  INDICATED  THAT  WIND  VELOCITY  IS  SHARPLY 
REDUCED  IN  THE  LAYER  NEAR  THE  GROUND  SURFACE  AND 
IT  BECOMES  PRACTICALLY  ZERO  AT  THE  VERY  SURFACE 
OF  THE  GROUND.  A  TEN  AC  I OUS  LAYER  OF  SLOWLY  MOVING 
AIR  DEVELOPS  DIRECTLY  IN  THE  SOIL  SURFACE  WITH  A 
THICKNESS  OF  0.05  MM.  THUS,  IN  THE  EARLIER  STAGES 
OF  WIND  EROSION f  PARTICLES  PROTRUDING  ABOVE  THAT 
LAYER  ARE  THE  FIRST  TO  BE  PICKED  UP  AND  BLOWN  AWAY. 
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Ghepil  and  Milne  (25)  found  that  all 

EROSIVE  WINDS  ARE  TURBULENT  .  SOIL  EROSION  WITH  N ON- 
TURBULENT  WINDS  HAS  NEVER  BEEN  RECORDED .  TURBULENCE 
WAS  FOUND  TO  ARISE  FROM  THE  EFFECTS  ON  THE  AIR  STREAM 
OF  SOIL  ROUGHNESS  AND  BY  THE  DIFFERENCE  BETWEEN  SOIL 
AND  AIR  TEMPERATURE .  TURBULENCE  HAS  BEEN  FOUND  TO 
INCREASE  THE  SURFACE  FORWARD  VELOCITY  OF  THE  WIND  AND 

l 

HENCE  THE  MOMENTARY  FRICTIONAL  FORCE  OF  THE  WIND 
AGAINST  THE  GROUND. 

Three  types  of  soil  movement  by  wind  were 
RECOGNIZED  BY  GHEPIL  (10,  11)  AND  KoHNKE  (34): 

SALTATION,  SUSPENSION,  AND  SURFACE  CREEP.  SALTATION 
REFERS  TO  THE  SHORT  JUMPS  OF  PARTICLES  (0 . 1  TO  0.5 
MM.  IN  DIAMETER)  AS  A  RESULT  OF  VARIATION  IN  WIND 
VELOCITY  WITH  DIFFERENT  DISTANCES  FROM  THE  GROUND. 

The  high  pressure  at  the  top  of  these  parti cles  (0.1 

TO  0.5  MM.  IN  DIAMETER)  CAUSES  THEM  TO  SPIN  RAPIDLY 
WITH  THE  TOP  MOVING  IN  THE  SAME  DIRECTION  AS  THE  WIND 
AND  THE  BOTTOM  MOVING  IN  AN  OPPOSITE  DIRECTION.  As 
THE  AIR  AT  THE  SURFACE  SPINS  WITH  THE  GRAIN,  A  PARTIAL 
VACUUM  IS  CREATED  ABOVE  THE  PARTICLE  AND  AIR  IS  COM¬ 
PRESSED  below  it.  Therefore  the  grain  tends  to  jump 
INTO  THE  AIR.  ITS  HORIZONTAL  MOMENTUM  CAUSES  IT  TO 
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RISE  AT  AN  ANGLE  OF  SEVENTY-FIVE  TO  NINETY  DEGREES , 
AND  TO  CLIMB  SIX  TO  TWELVE  INCHES  AND  SOMETIMES  OVER 
TWO  FEET.  As  THE  PARTICLE  IS  LIFTED  UP,  THE  SPIN 
TENDS  TO  SLOW  DOWN  SINCE  THE  PARTICLE  BEGINS  TO  ENTER 
LAYERS  WHERE  THE  WIND  IS  SUBSTANTIALLY  FASTER.  HAVING 
LOST  ITS  UPWARD  IMPULSE,  IT  IS  CARRIED  WITH  THE  WIND 
IN  A  DESCENDING  DIRECTION.  As  THE  PARTICLE  STRIKES 
THE  GROUND,  CAUSING  OTHER  SMALLER  PARTICLES  (0.05  TO 
0.002  MM.  IN  DIAMETER )  TO  MOVE,  THE  SECOND  TYPE  OF 
MOVEMENT ,  IN  SUSPENSION,  TAKES  PLACE,  WHILE  LARGER 
PARTICLES  (0.5  TO  3.0  MM.  IN  DIAMETER) ,  BEING  TOO 
HEAVY,  ROLL  ALONG  THE  SURFACE,  NOT  FLYING  OR  JUMPING. 

This  last  movement  is  termed  surface  creep.  The  pro¬ 
portion  OF  THESE  THREE  TYPES  OF  MOVEMENT  WAS  FOUND  TO 
VARY  GREATLY  WITH  DIFFERENT  SOILS.  HOWEVER  C’HEPIL 
(23)  FOUND  THAT  ON  THE  AVERAGE  FIFTY  TO  SEVENTY-FIVE 
PER  CENT  OF  THE  SOIL  MASS  WAS  CARRIED  IN  SALTATION, 
THIRTEEN  TO  FORTY  PER  CENT  IN  SUSPENSION,  AND  FIVE  TO 
TWENTY-FIVE  PER  CENT  IN  SURFACE  CREEP. 

The  amount  of  soil  mass  transported  by 

WIND  WAS  FOUND  BY  GhEPIL  (11)  TO  BE  GREATEST  NEAR  THE 
GROUND  SURFACE  AND  RAPIDLY  DECREASING  WITH  HEIGHT. 

It  was  also  found  that  with  WIND  VELOCITY  TWELVE  TO 
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TWENTY  NILES  PER  HOUR,  SIXTY  TO  EIGHTY  PER  CENT  OF 
THE  SOIL  NASS  WAS  TRANSPORTED  AT  A  HEIGHT  OF  ZERO 
TO  TWO  INCHES,  NORE  THAN  NINETY  PER  CENT  BELOW  ONE 
FOOT  AND  VERY  INSIGNIFICANT  ANOUNTS  WERE  CARRIED 
ABOVE  THREE  FEET. 


The  threshold  velocity,  that  is,  the 

NININUN  VELOCITY  REQUIRED  TO  DISLODGE  OR  INITIATE 
AND  CAUSE  NOVENENT  OF  SOIL  WAS  RECOGNIZED  BY  OhEPIL 
(10,  11)  AND  YAKUBOV  (52)  AS  ANOTHER  INPORTANT 

FACTOR  FOR  THE  DEVEL  OPNENT  OF  WIND  EROSION.  THE 
THRESHOLD  VELOCITY  WAS  LEAST  FOR  PARTICLES  0.1  TO 
0.5  NN .  IN  DIANETER,  3.5  TO  4r  NETERS  PER  SECOND. 

The  threshold  velocity  for  particles  greater  than 

0.1  NN.  IN  DIANETER  INCREASED  WITH  AN  INCREASE  IN 
DIANETER,  WHILE  WITH  PARTICLES  LESS  THAN  0.05  NN . 

IN  DIANETER ,  THE  THRESHOLD  VELOCITY  INCREASED  WITH 
A  DECREASE  IN  PARTICLE  SIZE.  SlLT  PARTICLES  ( 0.005 
TO  0.01  NN.  IN  DIANETER)  DID  NOT  NOVE  EVEN  UNDER  A 
VELOCITY  OF  16.5  NETERS  PER  SECOND. 


Various  authors  have  subnitted  different 

FIGURES  FOR  SOIL  ERODING  WINDS.  HOWEVER  NOST  OF 
THESE  DATA  WERE  NOT  FULLY  SPECIFIED.  THE  HEIGHTS  AT 
WHICH  WIND  SPEEDS  WERE  RECORDED  WERE  EITHER  NOT  NEN- 
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TIONED  OR  WERE  TOO  HIGH  TO  BE  OF  ANY  IMPORTANCE  IN 
DEALING  WITH  A  SURFACE  PHENOMENON  SUCH  AS  WIND 

erosion.  Nevertheless  Chepil  (10,  11)  and  Yakubov 
(52)  considered  it  to  be  ten  to  eleven  miles  per 
hour  at  a  height  of  one  foot.  This  height  was  used 

FOR  TWO  MAIN  REASONS:  1.  MORE  THAN  90  PER  CENT  OF 

SOIL  MASS  IS  USUALLY  CARRIED  BELOW  ONE  FOOT;  AND 
2.  PARTICLES  MOVING  IN  SALTATION,  WHICH  INVOLVE 
50  TO  75  PER  CENT  OF  SOIL  MASS,  SELDOM  JUMP  HIGHER 
THAN  ONE  FOOT. 

EFFECT  OF  WIND  FRO  FI  ON  ON  THE  PHYSICAL  PROPERTIES 

OF  SOILS 

Soil  texture  is  the  main  physical  prop¬ 
erty  THAT  IS  USUALLY  ALTERED  BY  THE  WIND.  THE 
CHANGES  IN  OTHER  PHYSICAL  PROPERTIES  ARE  JUST  A 
CONSEQUENCE  OF  THE  ALTERATION  IN  TEXTURE. 

MOSS  (29)  IN  AN  EARLY  INVESTIGATION 
CONDUCTED  IN  SASKATCHEWAN  FOUND  THAT  THE  AVERAGE 
MECHANICAL  COMPOSITION  OF  FINE  TEXTURED  SOILS  AND 
THEIR  DRIFT  WERE  ALMOST  IDENTICAL.  BOTH  THE  SOIL  AND 
THE  DRIFT  WERE  PLACED  IN  THE  CLAY  CLASS.  On  THE 


OTHER  HAND,  THE  DRIFT  FROM  SANDY  LOAM  SOILS  WAS  SET 
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IN  THE  SAND  CLASS  AND  THAT  FROM  MEDIUM  TEXTURED  SOILS 
WAS  SET  IN  THE  LIGHT  LOAM  CLASS.  DANIEL  AND  LANGHAM 

(28)  in  Oklahoma  showed  that  the  greatest  difference 

IN  THE  MECHANICAL  COMPOSITION  OF  DRIFT,  CROPPED,  AND 
VIRGIN  SOILS  OC CURED  IN  THE  COARSE  AND  MEDIUM  TEX¬ 
TURED  soils.  Similar  trends  were  found  by  Erdman 
(31)  in  Alberta.  Winds  had  sifted  out  one-half  of 

THE  SILT  AND  ONE- QUARTER  OF  THE  CLAY  FROM  THE  ACCUMU¬ 
LATED  DRIFT  OF  SANDY  LOAM  AND  FINE  SANDY  LOAM  SOILS. 

The  accumulated  drifts  from  loam  and  silt  loam  soils 
SHOWED  A  LOSS  OF  27  PER  CENT  SILT  AND  A  SLIGHT  LOSS 
in  clay.  Soils  removed  by  wind  from  clay  and  clay 

LOAM  SOILS  WERE  PRACTICALLY  IDENTICAL  IN  THEIR 
PHYSICAL  COMPOSITION  TO  THE  DRIFT.  ADDING  TO  THE 
ABOVE  OBSERVATIONS  IT  CAN  BE  NOTED  ' THAT  ACCORDING  TO 

Ghepil  (18)  and  Yakub ov  (53),  two  basic  types  of 

WIND  EROSION  OCCUR  ON  DIFFERENT  SOILS'.  1.  MASSIVE, 
AND  2 .  SELECTIVE .  MASSIVE  BLOWING  OCCURS  IN  SOIL 
WITH  FINE  TEXTURE  CAUSING  A  SLIGHT  ALTERATION  IN  THE 
MECHANICAL  COMPOSITION  OF  THE  SOILS  AND  THEIR  DRIFT. 

On  the  other  hand,  selective  wind  erosion  occurs  in 

SOILS  WITH  COARSE  AND  MEDIUM  TEXTURE.  In  THIS  CASE 
WIND  EROSION  INVOLVED  THE  REMOVAL  OF  FINE  PARTICLES 
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WHILE  COARSE  PARTICLES  REMAINED  IN  PLACE. 

EFFECT  OF  WIND  EROS'ION  ON  THE  CHEMICAL  CHANCES  AND 

FERTILITY  STATUS  OF  SOILS 

Changes  in  the  organic  matter  content  as 

WELL  AS  NITROGEN  AND  PHOSPHORUS  CONTENT  BROUGHT 
ABOUT  BY  WIND  EROSION  HAVE  RECEIVED  A  GREAT  DEAL  OF 
ATTENTION  FROM  AGRONOMISTS. 

Investigation  in  the  high  plains  of 
Oklahoma  by  Langham  (36)  showed  that  from  1933  to 

1937,  THE  ORGANIC  MATTER  AND  TOTAL  NITROGEN  CONTENT 
HAD  DECREASED  22.6  AND  20.3  PER  CENT  RESPECTIVELY. 

It  was  reported  that  the  drifted  material  had  an 
AVERAGE  OF  24.5  PER  CENT  LESS  ORGANIC  MATTER  AND 
28.0  PER  CENT  LESS  NITROGEN  THAN  SAMPLES  OBTAINED 
FROM  VIRGIN  SOILS.  HOWEVER  SOME  OF  THE  DRIFTS  FROM 
MEDIUM  AND  FINE  TEXTURED  SOILS  CONTAINED  HIGHER  PER¬ 
CENTAGES  OF  THESE  CONSTITUENTS  THAN  THE  VIRGIN  SOILS. 

According  to  Doughty  (30)  erosion  removed  ten  to 

SIXTY  PER  CENT  ORGANIC  MATTER  WHILE  LOSSES  IN  PHOS¬ 
PHORUS  WERE  INSI GNIFI CANT .  PLANTS  GROWING  ON  THE 
ERODED  AND  THE  NON-ERODED  SOILS  SHOWED  CONSIDERABLE 
VARIATION  IN  THEIR  NITROGEN  CONTENT  AND  VERY  MINUTE 
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DIFFERENCES  IN  THEIR  PHOSPHORUS  CONTENT.  CHEMICAL 
ANALYSIS  OF  SOILS  IN  THE  PAVLODOR  REGION  BY  SMIRNOVA 
( 45 )  SHOWED  THAT  WIND  HAD  REMOVED  37  PER  CENT  FINE 
SOIL  AND  67  PER  CENT  HUMUS.  LOSSES  IN  POTASSIUM, 
NITROGEN,  AND  PHOSPHORUS ,  WERE  35,  37,  AND  15  PER 
CENT  RESPECTIVELY.  SOIL  MATERIAL  DEPOSITED  ON  SNOW 

in  Iowa  by  a  dust  storm  originating  in  Texas  con¬ 
tained,  ACCORDING  TO  BENETT  ( 3 ),  TEN  TIMES  AS  MUCH 
ORGANIC  MATTER,  NINE  TIMES  AS  MUCH  NITROGEN ,  AND 
ONE  AND  A  HALF  TIMES  AS  MUCH  POTASSIUM  AS  THERE  WAS 
IN  THE  DUNE  SAND  PILED  UP  WHERE  THE  DUST  HAD  ORIGIN¬ 
ATED. 


Erdman  (31 )  in  Alberta  found  that  drifts 

FROM  COARSE  TEXTURED  SOILS  CONTAINED  ON  THE  AVERAGE 
ONE-HALF  AS  MUCH  NITROGEN  AND  ORGANIC  MATTER  AS  THE 
NORMAL  CULTIVATED  SOIL  WHILE  THE  EXPOSED  SUB-SURFACE 
HAD  LOST  LESS  THAN  ONE-HALF  OF  ITS  NITROGEN  AND  OR¬ 
GANIC  MATTER  CONTENT.  On  THE  OTHER  HAND  DRIFTS  FROM 
MEDIUM  TEXTURED  SOILS  SHOWED  A  GREATER  VARIATION . 

They  varied  from  gains  to  losses  with  an  average 

LOSS  OF  15  PER  CENT.  THE  EXPOSED  SUB-SURFACE  LOST 
16.7  AND  17.6  PER  CENT  NITROGEN  AND  ORGANIC  MATTER 
RESPECTIVELY .  DRIFTS  FROM  FINE  TEXTURED  SOILS  SHOWED 
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THE  SANE  TRENDS  AS  MEDIUM  TEXTURED  SOILS.  HOWEVER 
THE  EXPOSED  SUB- SURFACE  CONTAINED  12.  7  PER  CENT  LESS 
NITROGEN  AND  SEVENTEEN  PER  CENT  LESS  ORGANIC  MATTER. 

Hence  it  was  concluded  that  though  moderate  to 

SEVERE  LOSSES  HAD  TAKEN  PLACE  ON  FINE  TEXTURES  SOILS, 
THE  ACTUAL  LOSSES  EXCEEDED  THOSE  OF  MEDIUM  TEXTURED 
SOILS.  CONSEQUENTLY  THIS  LED  TO  THE  ASSUMPTION  THAT 
VERY  LITTLE  SELECTIVE  EROSION  OCCURRED  IN  FINE  TEX¬ 
TURED  SOILS. 

From  the  pot  experiment  carried  out  by 

ErDMAN  (op .  CIT . )  A  STRIKING  DIFFERENCE  WAS  FOUND 
BETWEEN  PLANTS  GROWING  ON  ERODED  AND  N  ON-ERODED  FINE 
SANDY  SOILS.  THE  AVERAGE  TOTAL  WEIGHT  OF  PLANTS 
GROWING  ON  DRIFT  WAS  LESS  THAN  HALF  THAT  GROWING  ON 
NORMAL  SOILS,  WHILE  IT  WAS  ONE-FIFTH  FOR  PLANTS 
GROWN  ON  EXPOSED  SUB- SURFACE .  RESULTS  IN  SILT  LOAM 
SOILS  WERE  LESS  STRIKING .  On  THE  OTHER  HAND  AIR- 
DRY  WEIGHTS  OF  PLANTS  GROWN  IN  ERODED  AND  N  ON-ERODED 
LOAM  SOILS  WERE  IDENTICAL .  THE  CLAY  SOILS  PRODUCED 
SIMILAR  WEIGHTS  OF  PLANTS  ON  BOTH  NORMAL  SOILS  AND 
EXPOSED  SUB- SURFACE ,  BUT  THOSE  ON  ACCUMULATED  DRIFT 
WERE  SOMEWHAT  HEAVIER.  No  CORRELATION  WAS  FOUND 
BETWEEN  PERCENTAGE  NITROGEN  IN  PLANTS  GROWN  ON 
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ERODED  OR  N ON-ERODED  SOILS.  HOWEVER,  A  DIRECT 
RELATIONSHIP  WAS  FOUND  BETWEEN  PERCENTAGE  NITROGEN 
IN  THE  SOIL  AND  TOTAL  WEIGHTS  OF  PLANTS. 

THE  EFFECT  OF  CULTIVATION  ON  FERTILITY  CHANGES 

IN  SOILS 

Many  workers  have  established  the 

DEFINITE  RELATIONSHIP  BETWEEN  CULTIVATION  AND  THE 
DEPLETION  OF  SOIL  FERTILITY.  CULTIVATION  CAN 
DEPLETE  THE  SOIL  BY  EITHER  THE  REMOVAL  OF  SOIL 
NUTRIENTS  BY  GROWING  CROPS  OR  BY  INCREASING  MICRO¬ 
BIAL  ACTIVITIES  AS  A  RESULT  OF  DISTURBING  THE  SOIL 
AND  EXPOSING  SUB-SURFACE ,  RESULTING  IN  A  QUICKER 
DECOMPOSITION. 

Ln  1917  Swan  sen  of  Kansas  (48)  reported, 

UPON  COMPARING  CROPPED  AREAS  VERSUS  THE  VIRGIN 
SOILS,  THAT  THE  CROPPED  SOILS  SHOWED  A  DECIDED  LOSS 
IN  SULPHUR,  NITROGEN,  AND  ORGANIC  MATTER.  THE  PER¬ 
CENTAGE  LOSS  IN  SULPHUR,  WAS  PROPORTIONAL  TO  THE  LOSS 
IN  ORGANIC  MATTER.  HOWEVER,  IT  WAS  POINTED  OUT  THAT 
THE  LOSS  IN  SULPHUR  DUE  TO  CROP  UPTAKE  WAS  INSIGNIFI¬ 
CANT  COMPARED  WITH  THE  TOTAL  AMOUNT  THAT  HAD  DISAP¬ 
PEARED  AS  A  RESULT  OF  SU LPH OF  I C AT  I  ON . 


'  V 


1  ->  '  p 

->  — 

"> 

, 

7 


v  \ 

-  -i 

■  '  i 

,r  o.  "  -r 

^  '  M 

■>  -  ->  '  “ 

i  ~> 


17 


Several  attempts  have  been  made  to  eval¬ 
uate  THE  LOSSES  IN  SOLUBLE  PLANT  NUTRIENTS  UPON 
CROPPING  BY  DETERMINING  THE  RATE  OF  FORMATION  OF 
SOLUBLE  PLANT  NUTRIENTS  USING  THE  FREEZING  POINT 
DEPRESSION  TECHNIQUE  ON  SEVERAL  VIRGIN  AND  THE  COR¬ 
RESPONDING  DEPLETED  SOILS.  McCoOL  (37)  FOUND  THAT 
GENERALLY  THE  CONCENTRATION  OF  SOIL  SOLUTION  OF 
THE  VIRGIN  SOIL  WAS  MUCH  GREATER  AFTER  A  TEN  DAY 
PERIOD  AT  TWENTY-FIVE  DEGREES  CENTIGRADE.  MlLLAR 
(38)  REPORTED  A  DEFINITE  CORRELATION  BETWEEN  THE 
DIFFERENCE  IN  THE  RATE  OF  FORMATION  OF  SOIL  SOLU¬ 
TION  OF  SEVERAL  DEPLETED  AND  VIRGIN  SOILS  AND  THE 
OBSERVED  DIFFERENCE  IN  PRODUCTIVENESS.  SHEDD  (43) 
FOUND  THE  TOTAL  PHOSPHOROUS  AND  THAT  SOLUBLE  IN 
0.2  NORMAL  NITRIC  ACID  TO  BE  GREATER  IN  SEVENTEEN 
VIRGIN  SOILS  THAN  IN  THE  CORRESPONDING  CROPPED 

SOILS.  In  a  majority  of  cases  more  calcium  was 

FOUND  IN  THE  VIRGIN  SOILS  THAN  IN  CROPPED  SOILS. 

Caldwell  jit  al.  (8)  estimated  fertility 

LOSSES  IN  THE  DIFFERENT  SOIL  ZONES  IN  THE  PRAIRIE 

provinces  of  Canada.  The  cultivated  black,  the 


DARK  BROWN,  THE  BROWN,  AND  THE  GREY  SOILS  WERE  FOUND 
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TO  HAVE  LOST  EIGHTEEN,  TWENTY- TWO ,  TWENTY,  AND  THIRTY- 
FIVE  PER  CENT  OF  THE  ORIGINAL  NITROGEN  RESPECTIVELY 
IN  THE  SURFACE  SIX  INCHES  OF  SOILS.  Il  WAS  CONCLUDED 
THAT  APPROXIMATELY  ONE-THIRD  TO  ONE-HALE  OF  THE 
NITROGEN  LOSSES  WERE  A  RESULT  OF  CROP  REMOVAL. 

Ohepil  e_t  al  .  (24)  FOUND  that  nine  INCHES 

OF  SOIL  ON  THE  AVERAGE  IN  WESTERN  KANSAS  HAD  BEEN  LOST 
WITHIN  THE  LAST  TWENTY  YEARS  DUE  TO  CULTIVATI  ON  AND 
CONTINUOUS  DRIFTING .  LONG  TIME  CULTIVATI ON  RESULTED 
IN  A  TYPE  OF  STRUCTURE  MORE  RESISTANT  TO  EROSION.  ThIS 
WAS  ,4  RESULT  OF  THE  REMOVAL  OF  THE  COARSE  TEXTURED  AND 
POORLY  STRUCTURED  A  HORIZON  AND  THE  EXPOSURE  OF  FINE 
TEXTURED  AND  STRUCTURALLY  DEVELOPED  B  HORIZON.  ThE 
AMOUNT  OF  WATER-STABLE  AGGREGATES  GREATER  THAN  0.5  MM. 
IN  DIAMETER  WAS  GREATEST  FOR  THE  OLD  CULTIVATED  AND 
LEAST  FOR  NEWLY  BROKEN  SOILS.  ANOTHER  INVESTIGATION 
CARRIED  OUT  IN  KANSAS  BY  OlMSTEAD  (42)  SHOWED  THAT 
ALL  CROPPING  SYSTEMS  THAT  INCLUDED  SMALL  GRAINS, 
CONTINUOUS  ROW  CROPS,  AND  ROTATIONS  INCLUDING  FALLOW, 
SHOWED  NO  SIGNIFICANT  DIFFERENCES  IN  WATER-STABLE 
AGGREGATION.  HOWEVER,  ALL  PLOTS  SHOWED  A  LOSS  OF 
ABOUT  EIGHTY  PER  CENT  OF  THE  INITIAL  AGGREGATION 
SINCE  THEY  WERE  BROKEN  IN  1902. 
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ESTIMATING  ERODIBILITY 

Various  attempts  have  been  made  to 

EVALUATE  SOIL  ERODIBILITY  FROM  THE  RELATION  BETWEEN 
IT  AND  THE  VARIOUS  SOIL  STRUCTURAL  FACTORS.  The 
FACTORS  THAT  HAVE  BEEN  CONSIDERED  IN  THIS  REGARD  ARE 
THE  PROPORTION  OF  THE  ERODIBLE  FRACTION  TO  THE  DRAG 
VELOCITY  OF  THE  WIND ,  THE  AMOUNT  OF  N  ON - ERO D I B LE 
frACTION  AND  THE  VARIOUS  WATER-STABLE  AGGREGATES 

( 9 ,  13,  16). 

The  relationship  mentioned  above  was 

QUITE  COMPLICATED  ESPECIALLY  IN  CONSIDERING  THE 
MEANING  OF  ERODIBLE  AND  NON-ERODIBLE  FRACTIONS  SINCE 
THEY  WERE  AFFECTED  PRIMARILY  BY  WIND  VELOCITY . 

However,  Ghepil  (7)  reported  that  the  dividing  line 

BETWEEN  ERODIBLE  AND  NON-ERODIBLE  FRACTION  WAS  ABOUT 
0.64  MM.  IN  DIAMETER.  SOILS  WITH  MORE  THAN  FIFTY  TO 
SIXTY  PER  CENT  AGGREGATES  MORE  THAN  0.84  MM.  WERE 
SLIGHTLY  SUBJECTED  TO  WIND  EROSION. 

Hind  tunnel  tests  on  soils  with  different 

TEXTURE  SHOWED  THAT  SOIL  ERODIBILITY  "Q",  ON  A  SMOOTH 
SURFACE  AND  WITH  WIND  VELOCITY  OF  FIVE  TO  SIX  MILES 
PER  HOUR  AT  A  HEIGHT  OF  ONE  FOOT  COULD  BE  FOUND  FROM 
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the  formula: 

Q  -  antilog  (0.750  +  1.14:0  +  1.49E  +  1.80F) 

0  +  D  +  E  +  F 

-0.5  B  -  0.042  (0  +  D  +  E  +  F) 

A  +  B 

Where  in  percentages  A  =  erodible  fraction  smaller 
THAN  0.42  MM.  IN  DIAMETER /  B  =  ERODIBLE  FRACTION 
FROM  0.42  TO  0.83  MM.  IN  DIAMETER ;  0  =  N  ON-ERODI BLE 

FRACTION  FROM  0.83  TO  2.0  MM.  IN  DIAMETER;  D  =  NON- 
ERODIBLE  FRACTION  2.0  TO  6.4  MM.  IN  DIAMETER ;  E  = 
NON-ERODIBLE  FRACTION  6.6  TO  12.7  MM.  IN  DIAMETER ; 

AND  F  =  NON-ERODIBLE  FRACTION  MORE  THAN  12.  7  MM.  IN 
DIAMETER.  FOR  GREATLY  ERODIBLE  SOILS  Q  IS  GREATER 
THAN  ONE  WHILE  FOR  THOSE  OF  AVERAGE  ERODIBILITY  Q 
IS  SMALLER  THAN  ONE.  THOSE  WITH  Q  SMALLER  THAN  0.01 
WERE  VERY  RESISTANT  TO  EROSION. 

OhEPIL  (26),  IN  ORDER  TO  GET  A  REPRESEN¬ 
TATIVE  WAY  OF  ASSESSING  ERODIBILITY  BY  WIND,  ATTEMP¬ 
TED  TO  TAKE  INTO  CONSIDERATION  SOME  OF  THE  FACTORS 
THAT  MAINLY  AFFECT  WIND  ACTION.  He  EXPRESSED 
ERODIBILITY  IN  TERMS  OF  CLOUDINESS,  CROP  RESIDUE 
AND  ROUGHNESS  OF  THE  SURFACE.  THE  CRITICAL  DIAMETER , 
0.84  MM.,  WAS  AGAIN  CONSIDERED  THE  DIVIDING  LINE 
BETWEEN  ERODIBLE  AND  NON-ERODIBLE  FRACTIONS.  THE 
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SURFACE  ROUGHNESS  WAS  FOUND  TO  DEPEND  ON  HEIGHT, 
DENSITY,  QUALITY  OF  COVER,  AND  ON  SIZE,  SHAPE,  AND 
LATERAL  FREQUENCY  OF  CLODS  AND  RIDGES.  As  IT  WAS 
INPOSSIBLE  TO  MEASURE  ALL  THESE  FACTORS  AND  ESPECI¬ 
ALLY  THE  REACTION  BETWEEN  THEN,  GhEPIL  ( OP  .  CIT .  ) 
DEVISED  A  RIDGE  ROUGHNESS  EQUIVALENT  BASED  ON  THE 
HEIGHT  OF  RIDGES  COMPOSED  OF  GRAVEL  2  TO  6.4  NN .  IN 
DIAMETER  AND  HAVING  A  HEIGHT  SPACING  RATIO  OF  1:4. 

A  WIND  TUNNEL  WAS  NECESSARY  TO  MAKE  THE  ESTIMATIONS 
AND  THE  FOLLOWING  EQUATION  WAS  OBTAINED  - 

X  =  491.3  I _ 

0.  895 


Where  X  =  amount  of  erosion  in  t ons /acre 

I  =  SOIL  ERODIBILITY  INDEX  BASED  ON  PERCENTAGE 
OF  SURFACE  MATERIAL  GREATER  THAN  0.84  MM. 
IN  DIAMETER. 

R  =  AMOUNT  OF  CROP  RESIDUE  IN  POUNDS / ACRE 
K  =  RIDGE  ROUGHNESS  EQUIVALENT  IN  INCHES 

It  was  found  that  if  X  is  smaller  than  0.25  the 

ERODIBILITY  WAS  INSIGNIFICANT,  WHILE  A  VALUE  FROM 
0.25  TO  5.0  WAS  CONSIDERED  MODERATE  AND  THOSE  VALUES 
MORE  THAN  5.0  INDICATED  A  HIGH  TO  VERY  HIGH  ERODI¬ 


BILITY. 
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Wet  sieving  and  the  determination  of 

VARIOUS  WATER-STABLE  SOIL  AGGREGATE  GROUPS  HAS  BEEN 
USED  AS  ANOTHER  MEANS  FOR  DETERMINING  SOIL  SUSCEPTI 
BILITY  TO  EROSION .  As  MENTIONED  BEFORE,  BOTH  WATER 
STABLE  SOIL  AGGREGATES  LESS  THAN  0.05  MM.  IN 
DIAMETER  AND  THOSE  MORE  THAN  0. 50  MM.  IN  DIAMETER 
WERE  VERY  EFFECTIVE  IN  REDUCING  ER ODI BILITY.  THE 
SOILS  MOST  SUBJECT  TO  EROSION  CONTAINED  A  LARGE 
QUANTITY  OF  INTERMEDIATE  SIZE  OF  WATER-STABLE  SOIL 
AGGREGATES  BETWEEN  0.05  AND  0.48  MM.  IN  DIAMETER. 
OHEPIL  (9)  SHOWED  THAT  WHEN  THE  CONTENT  OF  WATER- 
STABLE  SOIL  AGGREGATES  0.42  TO  0.84  MM.  IN  DIAMETER 
INCREASED  FROM  0  TO  12.1  PER  CENT  ERODIBILITY  DE¬ 
CREASED  BY  MORE  THAN  TWICE.  DOUBLING  THIS  FRACTION 
GREATLY  REDUCED  THE  AMOUNT  OF  ERODIBLE  MATERIAL 
WHILE  TRIPLING  CAUSED  A  TRIVIAL  REDUCTION.  ThE  IN¬ 
CREASE  IN  THE  WATER-STABLE  SOIL  AGGREGATES  2.0  TO 
0.83  MM.  IN  DIAMETER  HAD  A  MORE  PROFOUND  EFFECT  ON 
DECREASING  ERODIBILITY  THAN  THE  INCREASE  IN  THE 
FRACTIONS  OF  WATER-STABLE  SOIL  AGGREGATES  0.48  TO 


0.83  MM.  IN  DIAMETER. 
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MATERIALS  AND  METHODS 

ASSESSMENT  OF  METEOROLOGICAL  DATA 

In  order  to  thoroughly  examine  the 

METEOROLOGICAL  DATA  WITH  REGARD  TO  WIND  AT  DIFFERENT 

stations  in  Alberta  and  to  set  a  suitable  programme 

FOR  COUNTERACTING  WIND  EROSION  THREE  FACTORS  ARE 

considered:  1.  WIND  speed  and  total  wind  mileages; 

2.  THE  PREVAILING  DIRECTION /  AND  3.  THE  FREQUENCY 
OF  OCCURRENCE  OF  EROSIVE  AND  NON-EROSIVE  WINDS.  THE 
MAIN  STATIONS  COMPARED  ARE  EDMONTON,  CALGARY, 

Lethbridge,  Medicine  Hat,  Red  Deer,  Lac  La  Biche, 
and  Lac ombe .  Unfortunately  data  dealing  with  the 

THREE  FACTORS  ALREADY  MENTIONED  ARE  NOT  AVAILABLE 
FOR  ALL  STATIONS.  On  THE  OTHER  HAND,  IN  DEALING 
WITH  THE  FREQUENCY  OF  OCCURRENCE  OF  EROSIVE  AND  NON- 
EROSIVE  WINDS  DATA  ARE  AVAILABLE  FOR  OTHER  STATIONS. 

These  stations  are  Brooks,  Grande  Prairie,  Rocky 
Mountain  House,  Vermilion,  and  Keg  River. 


It  has  been  noticed  from  the  meteoro 
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LOGICAL  RECORDS  THAT  THE  DIFFERENT  STATIONS  MEASURE 
WIND  AT  DIFFERENT  HEIGHTS  FROM  THE  GROUND  AND  THUS 
C OMPARING  THEM  WITH  REGARD  TO  WIND  SPEEDS  IS  MIS¬ 
LEADING.  Moreover 3  wind  erosion  is  a  surface 

PHENOMENON  AND  WHAT  WE  ARE  INTERESTED  IN  IS  THE 
SPEED  NEAR  THE  GROUND  SURFACE.  THEREFORE  THE  WRITER 
USED  THE  FORMULA  SUGGESTED  BY  HUTTON  ( 47)  IN  ORDER 
TO  CONVERT  ALL  WIND  SPEEDS  AT  ALL  STATIONS  TO  THE 
SPEED  AT  ONE  FOOT  ABOVE  THE  GROUND.  THIS  FORMULA 
FOLLOWS  as: 

U  ~  U  (  Z  )1/'7 

rtp 

Where  U  ”  average  wind  speed  at  any  height ,  Z 

(one  foot  for  our  purpose) 

U ^  AVERAGE  WIND  SPEED  AT  HEIGHT  Zi 
( HEIGHT  OF  THE  ANEMOVANEJ 

The  Soils 


Four  soil  types  at  four  different  areas 
in  Alberta  were  selected :  Drumheller  clay  from  the 
Drumheller  area,  Lethbridge  loam  from  the  Lethbridge 
area ,  Antler  loam  from  the  Red  Deer  area  and  Peace 
Hills  sandy  loam  from  the  Edmonton  area.  The  four 

SOIL  TYPES  LIE  IN  THE  CHERNOZEMI C  ORDER  UNDER  THE 
ORTHIC  SUB-GROUP .  BOTH  DRUMHELLER  CLAY  AND  LETH- 
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BRIDGE  LOAM  ARE  IN  THE  DARK  BROWN  GREAT  SOIL  GROUP, 

while  Antler  loam  and  Peace  Hills  sandy  loam  are  in 

THE  BLACK  GREAT  SOIL  GROUP. 

For  replication ,  samples  were  taken  from 

FOUR  SOIL  SITES  IN  EACH  SOIL  TYPE.  THREE  SAMPLES 

WERE  TAKEN  BY  HORIZONS  AT  EACH  SITE  REPRESENTING 

* 

1.  THE  UPPER  LAYER  OF  THE  VIRGIN  SOILS  (Ah);  2.  THE 

(B)  HORIZON  OF  THE  VIRGIN  SOILS,’  AND  3.  THE  UPPER 
LAYER  OF  THE  CULTIVATED  SOIL  IN  THE  SAME  VICINITY 

(Aa) .  Hence  the  total  number  of  samples  was  forty- 
eight. 


FOUR  SOIL 


Following  is  a 

TYPES  TAKEN  FROM 


BRIEF  DESCRIPTION  OF  THE 
SOIL  SURVEY  REPORTS  (48). 


Drumheller  Clay 


Ah  : 

0  - 

4" 

AB  : 

4  - 

6” 

Btj  : 

8  - 

12" 

Bt  : 

12  - 

24" 

Ck  : 

A  T 

24" 

FAIRLY  LOOSE,  GRANULAR 
LARGE  NUCIFORM 

BLOCKY,  SOME  VERTICAL  CLEAVAGE 
LARGE  BLOCKY  TO  MASSIVE,  WAXY 
MACROSTRUCTURE  IS  LARGE  BLOCKY 
AND  MES  OSTRUC  TURE  IS  NUCIFORM 


Free  carbonate  occurs  at  about  twelve  to  eighteen 

INCHES  FROM  THE  SURFACE. 


*  The  term.  Ah  corresponds  to  Ah  in  soil  survey  reports 


**  The  term  Aa  corresponds  to  Aa  in  soil  survey  reports 


Lethbridge  Loam  to  Sandy  Loam 


Ah  : 

0 

-  4 ” 

LOOSE 

TO  WEAK  PRISMATIC 

BmI  : 

4 

-  10" 

FIRM  PRISMATIC 

Bm2: 

10 

-  14 ” 

FAIRLY 

FIRMPPRI SMAT IC 

Gk  : 

AT 

14"  - 

TO  26” 

VERY  LITTLE  STRUCTURE 

G  : 

D  : 


MEDIUM  TO  HEAVY  LIME 

SOME  LIME  AND  OCCASIONALLY  SOME 
SALTS 

TILL  -  ALLUVIAL  LACUSTRINE 


Antler  Loam 


AhI  : 

0 

7”  BLACK  FRIABLE  LOAM  - 

LOOSE 

Ah  2: 

7 

-  12”  BLACKj  FIRM 9  MILDLY 

COLUMNAR 

Sharp  break  between 

A  AND  B 

BmI 

12 

-  22”  FIRM  COLUMNAR 

Bm2: 

22 

-  28” 

Gk  : 

AT 

FROM  24  -  30” 

G 


Paskapoo  till 


Peace  Hills  S-Andy  Loam 


Ah  : 

0  - 

15” 

BLACK 

TO  GREY  BLACK  FINE  SANDY 

LOAM , 

FRIABLE 

Ae  : 

15  - 

17” 

LIGHT 

BROWN  TO  GREYISH  DARK  BROWN 

Btj  : 

17  - 

37” 

HEAVY 

LOAM  (SILTY) 

Gk  : 

LOW 

TO  MEDIUM  GaGO  g  AT  37” 

G  : 

LOAM 

TO  SANDY  LOAM 

Legal  locations  of  the  sites  sampled  are  as  shown  in 
Table  1 . 
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All  samples  were  sieved  in  the  field  or 

IN  THE  LABORATORY  USING  A  SPECIAL  6  MM.  SIEVE  IN 

order  to  get  rid  of  stones ,  gravels  and  grasses. 

A  PAILFUL  OF  EACH  SAMPLE  (50  POUNDS)  WAS  TAKEN. 
Samples  required  for  the  wet  sieving  were  taken  with 
out  disturbance,  placed  in  glass  containers  and  care 

FULLY  SEALED  TO  KEEP  THEM  AT  FIELD  MOISTURE. 

Methods  of  Physical  Analysis 

For  the  me  chan i cal  analysis  soils  were 

GROUND  IN  A  MECHANICAL  GRINDER  TO  PASS  2  MM.  SIEVE. 

The  mechanical  analysis  was  carried  out  by  the 
Pipette  method  as  modified  by  Toogood  and  Peters 
(49).  The  non-erodible  fraction  larger  than  0.84 

MM.  IN  DIAMETER  WAS  DETERMINED  BY  DRY  SIEVING  METHOD 
USING  A  SPECIAL  CYLINDRICAL  SIEVE  DESCRIBED  BY 

Ohepil  (26).  Met  sieving  was  done  according  to  a 
METHOD  DESCRIBED  BY  YODER  (54),  AND  MEAN  WEIGHT- 
DI AMETER  WAS  DETERMINED  GRAPHICALLY  AS  SUGGESTED  BY 

Van  Bavel  (51). 

Methods  of  Chemical  Analysis 

Samples  required  for  the  chemical  analy¬ 
sis  WERE  FIRST  GROUND  USING  MORTAR  AND  PESTLE. 
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The  organic  natter  total  nitrogen  and  calcium 

CARBONATE  EQUIVALENT  WERE  DETERMINED  BY  THE  A.O.A.G. 
METHODS  (4:1),  AND  TOTAL  PHOSPHORUS  BY  THE  META  VANA¬ 
DATE  METHOD  (25). 


GREENHOUSE  EXPERIMENT 

For  the  greenhouse  experiment ,  soils 

WERE  USED  DIRECTLY  WITHOUT  MIXING  WITH  ANY  FOREIGN 
MATERIALS .  PLASTIC  POTS  SIX  INCHES  IN  DIAMETER  WERE 
USED  TO  AVOID  LOSS  OF  MOISTURE  AND  FERTILIZERS.  The 
POTS  WERE  FILLED  ON  VOLUME  BASIS  AND  UP  TO  ONE  INCH 
FROM  THE  EDGE.  NlTROGEN  AND  PHOSPHORUS  FERTILIZERS 
WERE  ADDED,  EACH  AT  THREE  LEVELS.  NlTROGEN  WAS 
ADDED  AS  AMMONIUM  NITRATE  AT  THE  RATE  OF  ZERO,  FIFTY, 
AND  ONE  HUNDRED  POUNDS  NITROGEN  PER  ACRE  ON  AN  AREA 
BASIS  AND  PHOSPHORUS  WAS  ADDED  AS  MONOCALCIUM  PHOS¬ 
PHATE  AT  THE  RATE  OF  ZERO,  FORTY,  AND  EIGHTY  POUNDS 
of  P2O5  PER  ACRE,  IN  ALL  POSSIBLE  COMBINATIONS. 

Thus  the  result  was  nine  fertilizer  treatments  and 

CONSEQUENTLY  THE  TOTAL  NUMBER  OF  POTS  USED  WAS  ( 9  X 

48)  or  432  pots. 

The  phosphate  fertilizer  was  placed  one 


INCH  BELOW  THE  SURFACE. 


To  DO  THIS  THE  SURFACE  ONE 
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INCH  WAS  REMOVED  FROM  THE  POT,  THE  FERTILIZER  SPREAD 
AND  THEN  PUT  BACK  IN  THE  POT.  In  ORDER  TO  ACHIEVE  A 
FAIRLY  UNIFORM  AND  ACCURATE  DISTRIBUTION  OF  THE 
FERTILIZERS,  THEY  WERE  PLACED  IN  SOLUTION  FORM  USING 
AN  ANALYTICAL  BURETTE . 

Gateway  barley,  with  one  hundred  per  cent 

GERMINATION,  WAS  USED.  SIXTEEN  SEEDS  WERE  PLACED  IN 
EACH  POT  IN  A  UNIFORM  FASHION.  NITROGEN  WAS  ADDED 
AND  THE  POTS  IMMEDIATELY  WATERED.  A  WEEK  AFTER 
GERMINATION  THE  NUMBER  OF  PLANTS  WAS  THINNED  TO  TWELVE. 

The  growing  plants  were  supported  by  three  strings 

CIRCLED  AROUND  FOUR  BAMBOO  STICKS  PLACED  IN  EACH  POT. 

Planting  was  done  on  the  fifteenth  of 
August.  The  greenhouse  temperature  was  thus  fairly 

HIGH  DURING  THE  GROWING  PERIOD  AND  NO  COOLING  DEVICE 
WAS  AVAILABLE.  MAXIMUM  TEMPERATURE  REACHED  92  DEGREES 
Fahrenheit  and  the  minimum  was  f>5  degrees  Fahrenheit. 

Watering  with  distilled  water  was  done  as 

AND  WHEN  NECESSARY .  EXCESS  OF  WATER  WAS  COMPLETELY 
AVOIDED  BY  ADDING  IT  WITH  GREAT  CARE  SO  AS  NOT  TO 
REACH  THE  SATURATI  ON  POINT.  EVERY  POT  WAS  PLACED  IN 
AN  ALUMINUM  TRAY  AND  IN  CASE  OF  ANY  LEACHING ,  THE 
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LEACHATE  WAS  WASHED  BACK  FROM  THE  PLATE  INTO  THE  POT. 

The  plants  were  exposed  to  artificial 

LIGHTS  FOR  SIX  HOURS  EACH  NIGHT.  HOWEVER  THERE  WAS 
NO  GREAT  NECESSITY  FOR  THIS  SINCE  ALL  OUR  INTEREST 
WAS  FOCUSED  ON  THE  GREEN  GROWTH. 

The  basic  design  of  the  experiment  was 

A  SPLIT  PLOT  DESIGN. 

Plants  were  harvested  when  the  heads 

BEGAN  TO  FORM.  PLANTS  WERE  CUT  AT  THE  SOIL  SURFACE 
AND  WERE  PLACED  IN  PAPER  BAGS.  THE  BAGS  AND  THEIR 
CONTENTS  WERE  OVEN-DRIED  AT  105  DEGREES  CeNTI  GRADE 
FOR  TWO  DAYS.  The  NET  WEIGHTS  OF  THE  DRY  PLANTS 


WERE  RECORDED . 
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RESULTS  AND  DISCUSSION 

METEOROLOGICAL  STUDIES 

Figure  1  presents  the  Department  of 
Transport  data  for  the  monthly  long  term  average 

WIND  MILEAGES  AT  SEVEN  STATIONS .*  LETHBRIDGE, 

Calgary,  Edmonton,  Medicine  Hat,  Red  Deer,  Lac  La 
Biche,  and  Lacombe.  In  observing  the  figure  it 

CAN  BE  NOTED  THAT  LETHBRIDGE  HAS  BY  FAR  A  HIGHER 
MEAN  MONTHLY  WIND  MILEAGE  THAN  ANY  OTHER  STATIONS, 

while  Lacombe  has  the  lowest  mean  monthly  wind  mil¬ 
eages.  Medicine  Hat,  Calgary,  Edmonton ,  Red  Deer 
and  Lac  La  Biche  occupy  an  intermediate  position. 
Lethbridge  has  more  than  twice  as  much  wind  mileages 
as  Lacombe.  Calgary  and  Medicine  Hat  are  about 

EQUAL  IN  WIND  MILEAGE.  Lt  CAN  ALSO  BE  NOTED  THAT 
THERE  IS  A  GENERAL  TREND  AT  ALL  THE  STATIONS  TOWARDS 
AN  INCREASE  IN  WIND  MILEAGES  IN  THE  LATE  WINTER  AND 
EARLY  SPRING  WITH  A  PEAK  REACHED  IN  APRIL.  THIS  IS 
IN  FACT  VERY  SERIOUS  SINCE  THE  SOILS  AT  THIS  TIME 
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Figure  1:  Wind  mileages  at  seven  stations  in  Alberta  calculated  at 

ONE  FOOT  ABOVE  THE  GROUND  ACCORDING  TO  SUTTON  (47) 


ARE  OFTEN  BARE  AND  DRY  AND  CROPS  RAVE  NOT  YET  GROWN 


ENOUGH  TO  PROTECT  THE  SOIL  SURFACE.  AFTER  APRIL 
THE  AVERAGE  MILEAGES  c/rOP  DURING  THE  SUMMER  MONTHS 
AND  REACH  A  MINIMUM  IN  JULY  AND  AUGUST.  ANOTHER 
RISE  IN  WIND  MILEAGES  OCCURS  DURING  THE  EARLY  AUTUMN. 

However,  this  is  not  serious  since  the  soils  are 

MAINLY  COVERED  WITH  CROP  RESIDUES  OR,  SNOW  DURING 

this  period.  Note  that  the  mileage  at  Lethbridge 

CONTINUES  TO  RISE  AND  REACHES  THE  MAXIMUM  FOR  THE 

year  in  December .  Coupled  with  the  fact  that  Chin¬ 
ook  WINDS  OFTEN  REMOVE  ALL  SNOW  COVER  AT  THIS  TIME 
OF  THE  YEAR  THIS  HIGH  WIND  MILEAGE  GIVES  RISE  TO  A 
SERIOUS  EROSION  HAZARD. 

The  writer  would  like  to  draw  the  atten¬ 
tion  TO  THE  APPARENTLY  LOW  WIND  MILEAGES  IN  THE 

month  of  February .  This  is  not  in  fact  due  to  a 

LOW  WIND  SPEED  DURING  THIS  MONTH.  THE  WIND  MILEAGES 
IN  ANY  MONTH  IS  THE  PRODUCT  OF  THE  WIND  SPEED  AND 
THE  NUMBER  OF  HOURS  EACH  MONTH.  THE  NUMBER  OF  HOURS 
VARIES  FROM  74:4:  HOURS  IN  JANUARY,  FOR  EXAMPLE,  TO 

672  hours  in  February .  Therefore  the  total  mileages 

ARE  DECEPTIVELY  SMALL  IN  THE  MONTH  OF  FeBRUAB.Y. 
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A  GLANCE  AT  FIGURE  2  WILL  GIVE  THE  READER 
AN  IDEA  ABOUT  THE  FREQUENCY  OF  OCCURRENCE  OF  WINDS 
FRON  DIFFERENT  DIRECTIONS  IN  PERCENTAGES .  THIS 
INFORNATI ON  IS  EXTRENELY  IMPORTANT  AND  SHOULD  BE 
CONSIDERED  BEFORE  SETTING  DOWN  A  SOIL  CONSERVATION 
PROGRAMME .  In  THE  STRIP  CROP  METHOD ,  FOR  EXAMPLE , 

THE  STRIPS  SHOULD  BE  PERPENDICULAR  TO  THE  PREVAILING 
DIRECTION  OF  THE  WIND.  THE  PREVAILING  DIRECTION  AT 

Lethbridge  is  from  the  west  (28  per  cent)  and  the 
south  west  (22  per  cent).  The  prevailing  direction 
IS  FROM  THE  SOUTH  AT  FdMONTON  (21  PER  CENT),  Red 

Beer  (23  per  cent).  Lac  La  Biche  (23  per  cent),  and 
Lacombe  (30  per  cent).  At  Medicine  Hat  the  prevail¬ 
ing  DIRECTION  IS  FROM  THE  SOUTH  WEST  (32  PER  CENT). 

Ho  STRONGLY  PREVAILING  DIRECTION  IS  NOTED  FOR  OaLGARY . 

Therefore  the  strips  should  be  set  from  the  east  to 

THE  WEST  IN  FdMONTON ,  RED  BEER,  AND  LACOMBE  AREAS ; 

ER'JQ'M  THE  NORTH  WEST  TO  THE  SOUTH  EAST  AT  MEDICINE 

Hat;  while  at  Lethbridge  strips  should  be  set  in 

EITHER  OF  TWO  DIRECTIONS  -  FROM  NORTH  TO  SOUTH  OR  FROM 
THE  NORTH  WEST  TO  THE  SOUTH  EAST .  TWO  DIRECTIONS 
WOULD  ALSO  APPEAR  TO  BE  NEEDED  AT  LAC  La  BiCHE:  FROM 
THE  EAST  TO  THE  WEST  OR  FROM  THE  NORTH  EAST  TO '  SOUTH 

west.  However ,  as  will  be  pointed  out  below,  at  this 
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LONG  TERM  AVERAGE  PERCENTAGE  FREQUENCY  OF  WINDS 


Figure  2 
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LATTER  STATION  EROSIVE  WINDS  SELDOM  OCCUR  AND 
GENERALLY  NO  STRIP  CROPPING  IS  REQUIRED  IN  THE  AREA. 

Table  2  presents  the  average  frequency 

OF  DAILY  MAXIMUM  WIND  SPEEDS  AT  TEN  STATIONS  IN  THE 

PROVINCE .  The  values  shown  are  the  average  number 

OF  DAYS  EACH  MONTH  WHEN  THE  MAXIMUM  WIND  SPEEDS 
MAINTAINED  OVER  ONE  HOUR  PERIOD  FALL  WITHIN  ANY  ONE 
OF  THE  FIVE  DIFFERENT  SPEED  GROUPS.  ANNUAL  VALUES 
ARE  EXPRESSED  AS  FREQUENCY  IN  PERCENTAGE  OF  THE 
TOTAL  NUMBER  OF  DAYS  DURING  THE  YEAR.  THE  WRITER 
WOULD  LIKE  TO  POINT  OUT  THAT  THE  DIFFERENT  SPEED 
LIMITS  OF  WIND  SHOWN  IN  THE  SECOND  COLUMN  OF  TABLE 
2  ARE  CALCULATED  ACCORDING  TO  THE  EQUATION  SUGGESTED 

by  Sutton  (47)  and  referred  to  earlier  on  page  24. 

The  frequency  of  occurrence  of  erosive 

AND  NON-EROSIVE  WINDS  IS  SHOWN  IN  FIGURE  3,  CONSID¬ 
ERING  ALL  WINDS  OVER  TEN  MILES  PER  HOUR  AT  ONE  FOOT 
ABOVE  THE  GROUND  AS  EROSIVE. 

On  examining  the  tables  and  the  graph, 

IT  CAN  BE  NOTED  THAT  THE  SOUTHERN  STATIONS  ARE 
EXPOSED  TO  WINDS  OF  VERY  HIGH  VELOCITIES .  THIS  IS 
ILLUSTRATED  BY  THE  DATA  FOR  LETHBRIDGE,  CALGARY, 
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Figure  3  (cont'd) 
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Medicine  Hat  and  Brooks.  As  we  go  northward  there 
is  a  trend  towards  a  decrease  in  the  frequency  of 
occurrence  of  highly  erosive  winds.  Thus  Edmonton 
and  Vermilion  are  in  an  intermediate  position. 

Erosive  winds  are  quite  rare  in  the  northern  areas 
of  Lac  La  Biche,  Grande  Prairie  and  Keg  River.  The 
Rocky  Mountain  House  area ,  though  in  the  central 

AREA  OF  THE  PROVINCE  IS  EXPOSED  TO  LOW  WIND  SPEEDS. 

THE  FREQUENCY  OF  OCCURRENCE  OF  EROSIVE 
WINDS  DURING  THE  LATE  WINTER  AND  EARLY  SPRING  IS 
VERY  OBVIOUS  AT  CALGARY  AND  LETHBRIDGE.  THE  EROSIVE 
WINDS  DOMINATE  MORE  THAN  FIFTY  PER  CENT  OF  THE  TIME. 

Medicine  Hat  and  Brooks  follow.  The  Lethbridge 

STATION  IS  UNIQUE  IN  THAT  IT  IS  EXPOSED  TO  MORE 
WINDS  OF  EXTREMELY  HIGH  SPEEDS  THAN  THE  OTHER  STAT- 
I  ONS  . 

In  CONCLUDING  THIS  SECTION  OF  WIND  STUD¬ 
IES,  IT  IS  QUITE  OBVIOUS  HOW  SERIOUS  ACTUALLY  IS  THE 
WIND  ACTION  IN  THE  SOUTHERN  PORTION  OF  THE  PROVINCE . 

The  total  mileages  as  well  as  the  frequency  of 

OCCURRENCE  OF  EROSIVE  WINDS  ARE  QUITE  HIGH.  In  ADDI¬ 


TION  THE  LOW  PRECIPITATION,  THE  LACK  OF  SNOW  COVER , 
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AND  LONG  DROUGHT  PERIODS  PUT  THE  SOILS  OF  THIS  AREA 
IN  A  VERY  CRITICAL  POSITION.  The  MIDDLE  DISTRICTS 
OF  THE  PROVINCE  (E.G .  EDMONTON)  ARE  SOMEWHAT 
THREATENED  BY  EROSIVE  WINDS.  HOWEVER 3  THE  REL¬ 
ATIVELY  HIGH  PRECIPITATION  COUNTERACTS  WIND  EROSIVE¬ 


NESS 
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CHEMICAL  ANALYSIS 

The  Organic  Matter  and  Total  Nitrogen 

The  per  cent  variation  in  the  organic 

MATTER  AND  TOTAL  NITROGEN  CONTENT  IN  BOTH  THE 
CULTIVATED  AND  THE  B  HORIZON  SOIL  SAMPLES  ARE  SHOWN 

in  Tables  3  and  4  respectively .  The  Ah  horizon  of 

THE  VIRGIN  SOIL  IS  USED  AS  THE  BASIS  FOR  COMPARISON . 

In  Figures  4  and  6  are  presented  the  per  cent  organic 

MATTER  AND  TOTAL  NITROGEN  OF  ALL  SOIL  SAMPLES  AR¬ 
RANGED  ACCORDING  TO  SOIL  TYPES .  The  AVERAGES  ARE 

shown  in  Figures  5  and  7.  Statistical  analyses  are 
SUMMARIZED  IN  TABLE  5. 

In  examining  the  tables  and  the  figures 
IT  can  be  observed  that  the  cultivated  soils  sampled 

IN  THE  BrUMHELLER  AREA  VARY  IN  THEIR  ORGANIC  MATTER 
CONTENT  FROM  A  LOSS  OF  18  PER  CENT  TO  AN  INCREASE 
OF  30  PER  CENT ,  WITH  AN  AVERAGE  DECREASE  OF  0.38  PER 
CENT  WHEN  COMPARED  WITH  ADJACENT  VIRGIN  SOILS.  THE 
TOTAL  NITROGEN  VARIES  FROM  A  LOSS  OF  44  PER  CENT  TO 
AN  INCREASE  OF  19  PER  CENT ,  WITH  AN  AVERAGE  LOSS  OF 

15  PER  CENT.  The  B  horizon  samples  show  a  consis¬ 
tent  DECREASE  IN  ORGANIC  MATTER  AND  TOTAL  NITROGEN, 
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All  differences  are  calculated  with  respect  to  the  virgin  soils 
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Figure  4:  Organic  natter  content  of  soils 
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Figure  4  (cont’d) 
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Figure  5:  Organic  matter  content  of  soils 
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LETHBRIDGE-  LOAM 


Figure  6:  Total  nitrogen  content  of  soil  samples 
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TABLE  5 


Summary  of  the  Analysis  of  Variance 
Organic  Matter  and  Total  Nitrogen 

F-  Values 

OF  Bo  TH  THE 

Showing  the 

source  of 

organic 

TOTAL 

variation 

MA  T  TER 

NITROGEN 

Soil  Type 

10** 

12** 

Repli cates 

0 .  55 

1.0 

Horizons 

4.1* 

5.3* 

Horizons  x  Types 

1 0 ** 

5. 1  ** 

L.S.D.  - 

ORGANIC 

TOTAL 

MA T TER 

NITROGEN 

SOIL  TYPES 

1.31 

0.06 

SOIL  HORIZON 

1.  72 

0.07 

**  Significant  at  one  per  cent  level 
*  Significant  at  five  per  cent  level 
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THE  DECREASE  IN  THE  ORGANIC  MATTER  VARYING  FROM  22 
TO  41  PER  CENT,  WITH  THE  AVERAGE  OF  35  PER  CENT. 

On  the  other  hand  the  decrease  in  total  nitrogen 
VARIES  FROM  15  PER  CENT  TO  47  PER  CENT ,  WITH  AN 
AVERAGE  DECREASE  OF  43  PER  CENT .  STATISTICAL 
ANALYSES  INDICATE  NO  SIGNIFICANT  DIFFERENCES  BE¬ 
TWEEN  THE  CULTIVATED  AND  THE  VIRGIN  SOILS  IN  THEIR 
ORGANIC  MATTER  AND  TOTAL  NITROGEN.  THE  B  HORIZON , 
IS  SIGNIFICANTLY  LOWER  IN  THESE  TWO  CONSTITUENTS 
THAN  BOTH  THE  Ah  AND  THE  Aa  HORIZONS. 

It  is,  therefore ,  apparent  that  wind 

EROSION  AND  CULTIVATION  HAVE  NOT  SERIOUSLY  DAMAGED 
THE  SOILS  OF  THE  DRUMHELLER  AREA.  HOWEVER  IT  MUST 
BE  BORNE  IN  MIND  THAT  DRUMHELLER  CLAY  IS  A  FINE- 
TEXT  URED  SOIL  TYPE  AND  THAT  MASSIVE,  RATHER  THAN 
SELECTIVE  WIND  EROSION  FREQUENTLY  OCCURS.  THUS  WE 
CANNOT  EXPECT  GREAT  VARIATIONS  IN  THE  COMPOSITION 

of  Ah  and  Aa  soil  horizons .  On  the  other  hand  the 
B  HORIZON  which  will  eventually  come  to  the  surface 

WITH  CONTINUOUS  EROSION  CONTAINS  ON  THE  AVERAGE 
ABOUT  ONE-THIRD  LESS  ORGANIC  MATTER  AND  ONE-HALF 
LESS  NITROGEN  THAN  THE  VIRGIN  SOIL.  The  EXPOSURE 


OF  THIS  HORIZON  HOWEVER,  IS  NOT  LIKELY  TO  OCCUR  IN 
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THE  NEAR  FUTURE  BECAUSE  OF  THE  FINE  TEXTURE  OF  THE 

Drumheller  CLAY . 

In  the  second  soil  type ,  Lethbridge 

LOAM,  ORGANIC  MATTER  LOSSES  FROM  THE  Aa  HORIZON  VARY 
FROM  2.6  TO  28  PER  CENT ,  WITH  AN  AVERAGE  OF  8.6  PER 

cent.  The  total  nitrogen  varies  from  a  loss  of  39 

PER  CENT  TO  AN  INCREASE  OF  TEN  PER  CENT  WITH  AN 
AVERAGE  LOSS  OF  9.5  PER  CENT.  The  ORGANIC  MATTER 
CONTENT  OF  THE  B  HORIZON  VARIES  FROM  A  DECREASE  OF 
18  PER  CENT  TO  AN  INCREASE  OF  20  PER  CENT  WITH  AN 
AVERAGE  DECREASE  OF  2.9  PER  CENT.  The  TOTAL  NITRO¬ 
GEN  VARIES  FROM  A  DECREASE  OF  33  PER  CENT  TO  AN 
INCREASE  OF  15  PER  CENT,  WITH  AN  AVERAGE  EQUAL  TO 
THAT  OF  THE  Ah  HORIZON.  STATISTICAL  ANALYSES  DO 
NOT  REVEAL  ANY  SIGNIFICANT  DIFFERENCE  AMONG  THE 
THREE  HORIZONS  UNDER  INVESTIGATION  IN  THEIR  ORGANIC 
MATTER  AND  TOTAL  NITROGEN.  HOWEVER  ON  THE  AVERAGE 
THE  ORGANIC  MATTER  AND  TOTAL  NITROGEN  ARE  THE 
LOWEST  IN  THE  Aa  HORIZON.  THE  GREAT  LOSSES  ARE 
CLEAR  IN  PROFILES  NO.  1  AND  2,  WHERE  THE  Aa  HORIZON 
ORGANIC  MATTER  AND  TOTAL  NITROGEN  ARE  LOWER  THAN 
THOSE  IN  THE  B  HORIZON.  THIS  INDICATES  THAT  SOME 
OF  THE  CULTIVATED  SOILS  IN  THE  LETHBRIDGE  AREA  HAVE 


0 . \ 


■  -  o 


T  v 


\ 


•.  ^  i  V 


c  m"  '-vr  •: 


•■>  n 


O  v 


"r  N 


•  \ 


V 


•  (  ■  o  V  '  *  '  '  \  4  • . 


2 


,  -• 


tv  '  '  '  \  *  P  • 


r . .  o 


\ 


C 


\  .  -  »  •» 


•  r\ 


-I  - 


->  f ; 


*  •:  rjj 


C 


55 


BEEN  SERIOUSLY  DAMAGED  BY  WIND  EROSION  AND  THAT 
PERHAPS  THEY  HAVE  LOST  ALL  THE  UPPER  LAYER  AND 
MUCH  OF  THE  B  HORIZON .  THIS  CONCLUSION  IS  SUPPORTED 
BY  DATA  TO  BE  PRESENTED  LATER. 

The  cultivated  soils  in  the  third  soil 
type,  Antler  loam,  are  consistently  lower  in  their 

ORGANIC  MATTER  AND  TOTAL  NITROGEN  CONTENT  THAN  THE 
VIRGIN  SOILS.  The  organic  matter  losses  vary  from 
0.25  TO  70  PER  CENT,  WITH  AN  AVERAGE  LOSS  OF  32 
per  cent.  Losses  in  total  nitrogen  vary  from  6.3 
TO  54  PER  CENT,  WITH  AN  AVERAGE  LOSS  OF  24  PER 
CENT.  The  organic  matter  decrease  in  the  B  horizon 
VARIES  77  TO  87  PER  CENT,  WITH  AN  AVERAGE  DECREASE 
OF  82  PER  CENT.  THE  DECREASE  IN  NITROGEN,  ON  THE 
OTHER  HAND  VARIES  FROM  62  TO  75  PER  CENT,  WITH  AN 
AVERAGE  OF  69  PER  CENT.  STATISTICAL  ANALYSES  INDI¬ 
CATE  THAT  THERE  IS  A  SIGNIFICANT  DIFFERENCE  AMONG 
THE  THREE  HORIZONS  WITH  THE  Ah  AT  THE  TOP  FOLLOWED 
BY  THE  Aa  AND  THE  B  HORIZON.  SOIL  EROSION  AND 
CULTIVATION  HAVE  CAUSED  THE  LOSS  OF  ABOUT  ONE-THIRD 
OF  THE  ORGANIC  MATTER  AND  ONE-FOURTH  OF  THE  TOTAL 
NITROGEN .  The  PRESENT  HIGH  ORGANIC  MATTER  CONTENT 
OF  THE  Ah  horizon  in  addition  to  its  medium-texture 
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ARE  FACTORS  THAT  STIMULATE  LOSSES  UNDER  THE  INFLU¬ 
ENCE  OF  EROSIVE  WINDS  WHEN  THESE  SOILS  ARE  BROUGHT 
UNDER  CULTIVATION . 

The  cultivated  soils  in  the  Peace  Hills 

SANDY  LOAM  EXHIBIT  A  DIFFERENT  TREND .  THEY  CONTAIN 

ON  THE  AVERAGE  MORE  ORGANIC  MATTER  AND  TOTAL  NITRO¬ 
GEN  THAN  THE  VIRGIN  SOILS .  THE  INCREASE  IN  ORGANIC 
MATTER  VARIES  FROM  5.3  TO  50  PER  CENT  WITH  AN  AVER¬ 
AGE  OF  2T  PER  CENT.  THE  TOTAL  NITROGEN  VARIES  FROM 
A  DECREASE  OF  10  TO  AN  INCREASE  OF  50,  WITH  AN 
AVERAGE  INCREASE  OF  20  PER  CENT.  GREATER  REDUCTIONS 
OCCUR  IN  THE  B  HORIZON ,  WHERE  THE  ORGANIC  MATTER 
VARIES  FROM  A  DECREASE  OF  7  4r  TO  96  PER  CENT,  WITH 
AN  AVERAGE  DECREASE  OF  66  PER  CENT,  WHILE  THE  AVER¬ 
AGE  LOSS  IN  TOTAL  NITROGEN  IS  70  PER  CENT.  STATIS¬ 
TICAL  ANALYSIS  INDICATES  THAT  THE  VIRGIN  AND  THE 
CULTIVATED  SOILS  ARE  NOT  SIGNIFICANTLY  DIFFERENT 
FROM  ONE  ANOTHER.  On  THE  OTHER  HAND  THESE  TWO  HORI¬ 
ZONS  ARE  SIGNIFICANTLY  HIGHER  IN  THEIR  ORGANIC  MATTER 
AND  TOTAL  NITROGEN  THAN  THE  B  HORIZON. 

The  higher  organic  matter  and  total 

NITROGEN  CONTENT  IN  THE  Aa  HORIZON  AS  COMPARED  TO 
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the  Ah  horizon  in  the  Peace  Hills  soils  are  probably 

DUE  TO  THE  GREAT  AMOUNT  OF  CROP  RESIDUES  PRESENT  ON 
THE  SOIL  SURFACE  AT  THE  TIME  OF  SAMPLING  AND  PASSING 
THROUGH  THE  SIEVE  WHEN  THE  SAMPLES  WERE  BEING  PRE¬ 
PARED  FOR  ANALYSIS .  HOWEVER ,  THE  SIGNS  OF  WIND 

EROSION  ARE  NOT  QUITE  AS  CLEAR  AS  IS  THE  CASE  WITH 
THE  SOUTHERN  REGIONS  OF  THE  PROVINCE .  ThI S  IS  NO 
DOUBT  A  RESULT  OF  THE  MODERATE  TO  SLOW  WIND  SPEEDS 
AND  MORE  PRECIPITATION  IN  THE  EDMONTON  AREA .  HOW¬ 
EVER,  UNDER  THE  INFLUENCE  OF  HIGH  WIND  SPEEDS  AND 
LONG  DROUGHT  PERIODS,  SOILS  IN  THIS  AREA  MAY  BE 
SERIOUSLY  AFFECTED  SINCE  THEY  ARE  OF  COARSE  TEXTURE . 

Total  Phosphorus 

In  Table  6  data  on  the  total  phosphorus 

CONTENT  OF  ALL  SOIL  SAMPLES  ARE  PRESENTED  AS  WELL  AS 
THE  PER  CENT  VARIATIONS  OF  THE  Aa  AND  THE  B  HORIZONS 
FROM  THE  Ah  HORIZON .  STATISTICAL  ANALYSIS  IS  SUM¬ 
MARIZED  in  Table  8, 

In  the  Drumheller  clay  the  Aa  horizon 

PHOSPHORUS  CONTENT  VARIES  FROM  A  LOSS  OF  2 . 7  TO  AN 
INCREASE  OF  9.6  PER  CENT  WITH  AN  AVERAGE  INCREASE  OF 

2.8  PER  CENT.  The  B  horizon  soil  samples  showed  a 

CONSISTENT  DECREASE  IN  THEIR  PHOSPHORUS  VARYING  FROM 
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TABLE  6 


Comparison  of  Total  Phosphorus  Content  of  Aa  and  B  Horizons  With  Ah  Horizon 


profile  no 

.  1 

PROFILE  NO 

.  2 • 

PROFILE 

NO.  3 

PROFILE  NC 

>.  4 

soils  and 

PER  CENT 

DIFF. 

PER  CENT 

DIFF. 

PER  CENT 

DIFF. 

PER  CENT 

DIFF . 

A  VERA GE 

AVERAGE 

horizon 

PHOSPHORUS 

IN  % 

PHOSPHORUS 

IN  % 

PHOSPHORUS 

IN  % 

PHOSPHORUS 

IN  % 

% 

%  DIFF. 

Ah 

0.068 

0.073 

0.062 

0.075 

0.069 

Hrumheller 

Aa 

0.068 

0.0 * 

0.071 

-2.  7 

0.  068 

+9.6 

0.081 

+8.0 

0.071 

+2.  8 

CLAY 

B 

0.064 

-5.8 

0.053 

-27 

0.062 

0.0 

0.064 

-14 

0.061 

-12 

Ah 

0.062 

0.066 

0.065 

0.068 

0.065 

Lethbridge 

Aa 

0.058 

-6.4 

0.061 

-7.5 

0.067 

+3.0 

0.071 

+4.4 

0.064 

-1.5 

loam 

B 

0.058 

-6.4 

0.040 

-39 

0.061 

-6.1 

0.067 

-1.4 

0.057 

-12 

Ah 

0.076 

0.084 

0.091 

0.079 

0.083 

Antler 

Aa 

0.066 

-1.3 

0.089 

+5.9 

0.077 

-15 

0.048 

-39 

0.070 

-15 

loam 

B 

0.  034 

-42 

0.037 

-55 

0.044 

-51 

0.038 

-51 

0.038 

-54 

Ah 

0.065 

0.042 

0.042 

0.073 

0.056 

Peace  Hills 

Aa 

0.076 

+16 

0.063 

+50 

0.048 

+14 

0.076 

+4.1 

0.066 

+17 

SANDY  LOAM 

B 

0.034 

-47 

0.042 

0.0 

0.032 

-23 

0.  073 

0.0 

0.045 

-19 

*  All  differences  are  calculated  with  respect  to  the  virgin  soils. 
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5.8  TO  27  PER  CENT,  WITH  AN  AVERAGE  DECREASE  OF  12 
per  cent.  The  Aa  horizon  in  Lethbridge  samples  vary 

IN  THEIR  PHOSPHORUS  CONTENT  FROM  A  LOSS  OF  7.5  TO  AN 
INCREASE  OF  4.4  PER  CENT,  WITH  AN  AVERAGE  DECREASE 
OF  1.5  PER  CENT.  THE  B  HORIZON  CONTAINS  1.4  PER 
CENT  TO  39  PER  CENT  LESS  PHOSPHORUS ,  WITH  AN  AVERAGE 
DECREASE  OF  12  PER  CENT. 

The  Aa  horizons  in  the  Antler  loam  show 

DIFFERENCES  RANGING  FROM  A  GAIN  OF  5.9  TO  A  LOSS  OF 
39  PER  CENT  TOTAL  PHOSPHORUS  WITH  AN  AVERAGE  LOSS  OF 
15  PER  CENT.  The  reduction  in  the  B  horizon  varies 
FROM  42  TO  55  PER  CENT  WITH  AN  AVERAGE  OF  54  PER  CENT. 

In  THE  FOURTH  SOIL  TYPE,  ANTLER  LOAM, 

THE  AA  IS  4.1  PER  CENT  TO  50  PER  CENT  HIGHER  IN 
TOTAL  PHOSPHORUS  THAN  THE  Ah ,  WITH  AN  AVERAGE  INCREASE 
OF  17  PER  CENT .  THE  REDUCTION  IN  THE  B  HORIZON  VARIES 
FROM  0.0  PER  CENT  TO  47  PER  CENT,  WITH  AN  AVERAGE 
DECREASE  OF  19  PER  CENT. 

Statistical  analyses  have  not  indicated 

ANY  SIGNIFICANT  DIFFERENCES  AMONG  THE  THREE  HORIZONS 
IN  ANY  OF  THE  SOIL  TYPES.  THE  ONLY  EXCEPTION  IS  THE 

Antler  loam  where  the  B  horizon  is  significantly 

LOWER  IN  PHOSPHORUS  THAN  BOTH  THE  Ah  AND  THE  Aa 
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horizon.  Moreover  there  is  no  significant  difference 

AMONG  THE  FOUR  SOIL  TYPES  IN  THEIR  PHOSPHORUS  CON¬ 
TENT.  Thus  it  can  be  concluded  that  wind  erosion 

AND  CULTIVATI  ON  HAVE  NOT  SIGNIFICANTLY  ALTERED  THE 
TOTAL  PHOSPHORUS  CONTENT.  HOWEVER,  FURTHER  ER.OSION 
UNDOUBTEDLY  WILL  REDUCE  THE  PHOSPHORUS  CONTENT  SINCE 
THE  B  HORIZON  THROUGHOUT  THE  FOUR  SOIL  TYPES  CON¬ 
TAINS  LESS  TOTAL  PHOSPHORUS  THAN  BOTH  Ah  AND  Aa  SOIL 
SAMPLES . 

The  Calcium  Carbonate  Equivalent 

In  Table  7  is  recorded  the  calcium 

CARBONATE  EQUIVALENT  OF  ALL  SOIL  SAMPLES.  STATIS¬ 
TICAL  ANALYSIS  IS  SUMMARIZED  IN  TABLE  8.  It  CAN  BE 
NOTED  FROM  THE  TABLE  THAT  IN  DRUMHELLER  CLAY  THE  Ah 
HORIZON  CONTAINS  FROM  0.18  TO  1.2  PER  CENT  CALCIUM 
CARBONATE,  WITH  AN  AVERAGE  OF  0.76  PER  CENT.  It 
VARIES  IN  THE  Aa  HORIZON  FROM  0.62  TO  0.60  PER  CENT 
WITH  AN  AVERAGE  OF  0.47  PER  CENT.  On  THE  OTHER  HAND 
THE  VARIATIONS  IN  THE  B  HORIZON  ARE  FROM  2.2  TO  5.0 
PER  CENT,  WITH  AN  AVERAGE  OF  3.7  PER  CENT.  THE  B 
HORIZON  IS  SIGNIFICANTLY  HIGHER  IN  ITS  LIME  CONTENT 
THAN  BOTH  Ah  AND  Aa  HORIZON.  THIS  IS  NATURAL  SINCE 
THE  PARENT  MATERIAL  IS  CALCAREOUS  AND  THE  PER.  CENT 
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TABLE  7 


Comparison  of 

Calcium 

Carbonate  Equivalent 

For 

Aa  and  B  Horizons 

With  Ah  Horizon 

PR OFILE 

no.  1 

profile 

NO.  2 

profile 

NO .  3 

PROFILE  NO 

4 

SOILS  AND 

%  CAL.  CARB.  DIFF. 

%  CAL.  CARB 

.  DIFF. 

% 

CAL.  CARB 

.  DIFF. 

%  CAL.  CARB. 

DIFF. 

AVERAGE 

A  VERA GE 

HORIZON 

EQUIVALENT 

IN  % 

EQUIVALENT 

IN  % 

EQUIVALENT 

IN  % 

EQUIVALENT 

IN  % 

% 

%  DIFF 

Ah 

0.83 

0.18 

1.2 

0.  76 

0.  76 

Drumheller 

Aa 

0.42 

- 49 * 

0.32 

+77 

0.  60 

-52- 

0.54 

-28 

0.47 

-38 

CLAY 

B 

5.0 

+50  x  10 

2.2 

+1200 

3.  6 

+180 

4.1 

+440 

3.  7 

+40  x  10 

Ah 

0.95 

0.  70 

0.29 

0.  67 

0.  65 

Lethbridge 

Aa 

3.  6 

+280 

4.0 

+470 

3.2 

+990 

5.3 

+690 

4.0 

+50  x  10 

loam 

* 

• 

B 

0.84 

-11 

0.  72 

+2.8 

0.  70 

+140 

0.63 

-5.9 

0.  72 

+11 

Ah 

3.1 

1.0 

0.  73 

1.8 

1.6 

Antler 

Aa 

1.2 

-60.0 

1.0 

0.0 

0.  73 

0.0 

0.43 

-76 

0.85 

-49 

loam 

B 

1.0 

-34 

0.  93 

-8.8 

1.3 

+90 

0.53 

-71 

0.97 

-42 

Ah 

0.  74 

0.30 

1.4 

0.83 

0.82 

Peace  Hills 

Aa 

0.  62 

-16 

0.65 

+120 

0.64 

-50,0 

0.56 

-32 

0.  62 

-24 

Sandy  Loam 

B 

0.44 

-40.0 

0.38 

+26 

0.62 

-56 

0.  58 

-30.0 

0051 

-37 

*  All  differences  are  calculated  with  respect  to  the  virgin  soils. 
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TABLE 

8 

Summary  of  the 
Total  Phosphorus 

Analysis  of 
and  Calcium 
Showing  the 

Variance  of  Both  the 
Carbonate  Equivalent 
F-  Values 

source  of 

VARIATION 

total 

PHOSPHORUS 

CALCIUM  CARBONATE 

EQUI VALENT 

Soil  Types 

0.43 

8.  9** 

Replicates 

0.87 

0.51 

Horizons 

27** 

4.  9* 

Horizons  x  Types 

6.  9** 

32** 

L.S.D.  - 

TOTAL 

CALCIUM  CARBONATE 

PHOSPHORUS 

EQUIVALENT 

SOIL  TYPES 

—  —  — 

0.56 

SOIL  HORIZON 

0.01 

0.  76 

**  Significant  at  one  per  cent  level 
*  Significant  at  five  per  cent  level 
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CALCIUM  CARBONATE  INCREASES  DOWNWARD  IN  THE  SOIL 
PROFILE . 


The  virgin  soil  samples  of  Lethbridge 
LOAM  CONTAIN  FROM  0.29  TO  0.95  PER  CENT  LIME  WITH 
AN  AVERAGE  OF  0.65  PER  CENT.  THE  CULTIVATED  SOIL, 

ON  THE  OTHER  HAND  CONTAINS  FROM  3.1  TO  5.3  PER  CENT 
LIME  WITH  AN  AVERAGE  OF  4.0  PER  CENT.  THE  B  HORI¬ 
ZON  CONTAINS  FROM  0.63  TO  0.84  PER  CENT  LIME  WITH 
AN  AVERAGE  EQUAL  TO  0.  72  PER  CENT.  THE  EXCEEDINGLY 
HIGH  CALCIUM  CARBONATE  PER  CENT  IN  THE  Aa  HORIZON 
INDICATES  THAT  THESE  SOILS  MUST  HAVE  LOST  THE  UPPER 
LAYER  AND  MOST  OF  THE  B  HORIZON  SINCE  THE  B  HORIZON 
SOIL  SAMPLES,  TAKEN  FROM  THE  VIRGIN  SOILS,  CONTAIN 
LESS  CALCIUM  CARBONATE .  THIS  IS  IN  CONTRAST  TO  THE 
DRUMHELLER  AREA  WHERE  THE  B  HORIZON  IS  THE  HIGHEST 
AMONG  THE  THREE  HORIZONS  IN  ITS  LIME  CONTENT.  MORE¬ 
OVER  THERE  IS  A  CONSTANT  DANGER  IN  THE  LETHBRIDGE 
AREA  FROM  WIND  EROSION  SINCE  A  CLOSE  RELATIONSHIP 
EXISTS  BETWEEN  A  SOIL'S  ERODIBILITY  AND  ITS  CALCIUM 
CARBONATE  CONTENT.  THUS  IT  CAN  BE  EXPECTED  THAT 
THE  REMOVAL  OF  THE  UPPER  LAYER  FROM  DRUMHELLER  SOILS, 
AND  THE  EXPOSURE  OF  LIME  RICH  B  HORIZON  WILL  AGGRA¬ 
VATE  WIND  EROSION  HAZARDS  IN  THE  DRUMHELLER  AREA  IN 
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THE  FUTURE. 


The  virgin  soils  in  the  Antler  loan  area 
CONTAIN  FROM  0.73  TO  3.1  PER  CENT  CALCIUM  CARBONATE , 
WITH  AN  AVERAGE  OF  1.6  PER  CENT.  THE  Aa  HORIZON 
VARIES  FROM  0.43  TO  1.2  PER  CENT  WITH  AN  AVERAGE  OF 
0.85  PER  CENT.  On  the  other  hand  the  lime  content  in 
THE  B  HORIZON  RANGES  FROM  0.53  TO  1.3  PER  CENT,  WITH 
AN  AVERAGE  OF  0.97  PER  CENT.  THE  VIRGIN  SOIL  CON¬ 
TAINS  ON  THE  AVERAGE  ABOUT  TWICE  AS  MUCH  LIME  AS  THE 
CULTIVATED  SOILS. 

In  the  Peace  Hills  area,  the  lime  con¬ 
tent  OF  THE  VIRGIN  SOILS  VARIES  FROM  0.30  TO  1.4  PER 
CENT  WITH  AN  AVERAGE  OF  0.82  PER  CENT.  THE  RANGE  IN 
THE  CULTIVATED  SOILS  VARIES  FROM  0.56  TO  0.65  PER 
CENT  WITH  AN  AVERAGE  OF  0.62  PER  CENT.  THE  B  HORI¬ 
ZON  IS  SLIGHTLY  LOWER,  THE  LIME  CONTENT  VARYING  FROM 
0.30  TO  0.62  PER  CENT,  WITH  AN  AVERAGE  OF  0.51  PER 
CENT.  No  SIGNIFICANT  DIFFERENCES  OCCUR  IN  THE  LIME 
CONTENT  OF  THE  THREE  HORIZONS. 

In  concluding  this  section  of  chemical 

ANALYSIS  SEVERAL  POINTS  ARE  NOTED: 

1.  The  soils  of  the  Lethbridge  area  not 
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ONLY  HAVE  BEEN  AFFECTED  BY  EROSION  BUT  ALSO ,  THEY 
ARE  CONTINUOUSLY  THREATENED  AS  A  RESULT  OF  THEIR 
HIGH  LINE  CONTENT.  THE  AVERAGE  ORGANIC  MATTER  CON¬ 
TENT  in  the  Lethbridge  area  is  relatively  small  and 

ANY  LOSSES,  NO  MATTER  HOW  SMALL,  CAN  HAVE  SERIOUS 
CONSEQUENCES. 

2.  The  apparently  low  erosion  damage  to 

THE  SOILS  OF  DRUMHELLER  MAY  BE  ATTRIBUTED  TO  THEIR 
FINE  TEXTURE.  THE  EXPOSURE  OF  THE  LIME-RICH  B 
HORIZON  WILL  INCREASE  THE  CHANCES  FOR  MORE  SOIL 
ERODI BI  LI  TY . 

3.  Winds  have  not  seriously  affected 

THE  PHOSPHORUS  CONTENT  IN  THE  FOUR  SOIL  TYPES.  THE 
B  HORIZON  PHOSPHORUS  CONTENT  IS  SLIGHTLY  LOWER  THAN 
EITHER  THE  Ah  OR  THE  Aa  HORIZONS. 

4.  High  organic  matter  content  and  med¬ 
ium  TEXTURE,  WHICH  ARE  CHARACTERISTICS  OF  THE  ANTLER 
LOAM  SOILS,  ARE  TWO  IMPORTANT  FACTORS  IN  WIND  EROSION. 

However,  wind  erosion  does  not  appear  to  be  a  serious 

HAZARD  IN  THIS  AREA  BECAUSE  OF  THE  HIGH  RAINFALL  AND 


THE  RELATIVELY  LOW  WIND  SPEEDS. 
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PHYSICAL  ANALYSIS 

1.  Mechani cal  Analysis 

The  textural  relationships  between  the 

VIRGIN,  THE  CULTIVATED ,  AND  THE  B  HORIZON  SOIL 
SAMPLES  ARE  SHOWN  IN  TABLE  9.  THE  SAMPLES  ARE 
GROUPED  ACCORDING  TO  THE  SOIL  TYPE:  THE  FINE  SOILS 
ARE  PLACED  FIRST,  FOLLOWED  BY  THE  MEDIUM  AND  COARSE 
TEXTURED  SOILS . 

Referring  to  the  data  on  mechani cal 

ANALYSIS  IT  WILL  BE  SEEN  THAT  IN  IrUMHELLER  CLAY, 
THE  VIRGIN  SOILS  HAVE  A  CLAY  CONTENT  OF  76  TO  80 
PER  CENT,  A  SILT  CONTENT  OF  17  TO  22  PER  CENT,  AND 
A  SAND  CONTENT  OF  2  TO  3  PER  CENT.  THE  CULTIVATED 
SOILS,  BY  COMPARISON ,  HAVE  61  TO  78  PER  CENT  CLAY, 
19  TO  36  PER  CENT  SILT  AND  3  TO  4  PER  CENT  SAND, 
WHILE  THE  B  HORIZON  SAMPLES  HAVE  71  TO  82  PER  CENT 
CLAY,  16  TO  26  PER  CENT  SILT  AND  2  TO  3  PER  CENT 
sand.  Thus  there  is  no  wide  variation  in  the  mech¬ 
anical  COMPOSITION  OF  VIRGIN  AND  CULTIVATED  DrUM- 
HELLER  SOILS.  ALL  THE  SAMPLES  ARE  PLACED  IN  THE 

heavy  clay  class.  Profile  number  2,  however, 

EXHIBITS  MORE  VARIATIONS  THAN  THE  OTHER  PROFILES : 
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TABLE  9 


Soil 

Mechanical  Composition  of 

Series:  Drumheller 

Soils 

profile 

% 

% 

% 

NO  . 

horizon 

SAND 

SILT 

CLAY 

TEXTURE 

Ah 

3 

18 

79 

HE  A  VY 

CLAY 

1 

Aa 

3 

21 

76 

HE  A  VY 

CLAY 

B 

2 

16 

82 

HE  A  VY 

CLAY 

Ah 

2 

22 

76 

HE  A  VY 

CLAY 

2 

Aa 

3 

36 

61 

HE  A  VY 

CLAY 

B 

3 

22 

73 

HE  A  VY 

CLAY 

Ah 

3 

17 

80 

HE  A  VY 

CLAY 

3 

Aa 

3 

19 

78 

HE  A  VY 

CLAY 

B 

3 

26 

71 

HEAVY ■ 

CLAY 

Ah 

3 

20 

77 

HE  A  VY 

CLAY 

4 

Aa 

4 

26 

70 

HEAVY 

CLAY 

B 

5 

21 

76 

HE  A  VY 

CLA  Y 
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TABLE  9  ( cont'd ) 


Soil  Series:  Lethbridge 


PROFILE 

NO  . 

HORIZON 

% 

SAND 

% 

SILT 

% 

CLAY 

TEXTURE 

Ah 

59 

23 

18 

SANDY  LOAN 

1 

Aa 

51 

22 

27 

SANDY  CLAY 

L  OAN 

B 

53 

23 

24 

SANDY  CLAY 

L  OAN 

Ah 

45 

21 

34 

CLAY  LOAN- 

SANDY  CLAY 

LOAN 

2 

.  Aa 

45 

19 

36 

CLAY  LOAN- 

SANDY  CLAY 

L  CAN 

B 

46 

22 

28 

CLAY  LOAN- 

SANDY  CLAY 

Ah 

45 

26 

29 

CLAY  LOAN- 

SANDY  CLAY 

LOAN 

3 

Aa 

44 

20 

■  36 

CLAY  LOAN 

B 

46 

26 

28 

SANDY  CLAY 

LOAN 

Ah 

56 

25 

19 

SANDY  LOAN 

4 

A  a 

46 

18 

36 

SANDY  LOAN 

B 

51 

22 

27 

SANDY  CLAY 

l  o  A  N 
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TABLE  9  (cont'd) 


S n i l  Series:  Antler 


PR OEILE 

NO  . 

HORIZON 

% 

SAND 

% 

SILT 

% 

CLAY 

TEXTURE 

Ah 

36 

38 

26. 

LOAN 

1 

Aa 

43 

31 

26 

L  OAN 

B 

35 

27 

38 

CLAY  LOAN 

Ah 

25 

37 

38 

CLAY  LOAN 

2 

Aa 

30 

37 

33 

CLAY  LOAN 

'  B 

27 

46 

25 

LOAN  -  SILT 

L  OAN 

Ah 

36 

44 

28 

CLAY  LOAN 

3 

Aa 

37 

36 

27 

CLAY  LOAN  - 

L  OAN 

B 

31 

50 

19 

SILT  LOAN  - 

l  o  AN 


Ah 

30 

44 

26 

L  OAN 

Aa 

42 

30 

28 

CLAY  LOAN 

B 

35 

44 

21 

LOAN 

4 
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TABLE  9  (cont'd) 


Soil  Series:  Peace  Hills 


PROFILE 

NO  . 

HORIZON 

% 

SAND 

% 

SILT 

% 

CLAY 

TEXTURE 

Ah 

73 

6 

21 

SANDY  CLAY 

L  OAM 

1 

Aa 

71 

8 

21 

SANDY  CLAY 

L  OAM 

B 

72 

6 

22 

SANDY  CLAY 

L  OAM 

Ah 

75 

5 

20 

SANDY  CLAY 

L  OAM 

SANDY  LOAM 

2 

.  A  A 

80 

7 

13 

SANDY  LOAM 

B 

77 

3 

20 

SANDY  CLAY 

L  OAM 

SANDY  LOAM 

Ah 

77 

5 

18 

SANDY  LOAM 

3 

Aa 

70 

4 

26 

SANDY  CLAY 

LOAM 

B 

80 

3 

17 

SANDY  LOAM 

Ah 

81 

5 

14 

SANDY  LOAM 

4 

Aa 

70 

5 

25 

SANDY  CLAY 

L  OAM 

B 

78 

4 

18 

SANDY  LOAM 

■ 
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THE  CULTIVATED  SOIL  CONTAINS  14  PER  CENT  LESS  CLAY 
AND  15  PER  CENT  MORE  SILT  THAN  THE  Ah  HORIZON  OF 
THE  VIRGIN  SOIL .  THERE  IS  ALSO  A  GENERAL  TREND 
IN  THE  CULTIVATED  SOILS  TOWARDS  A  SLIGHT  INCREASE 
IN  THE  SILT  AND  A  DECREASE  IN  THE  CLAY  CONTENT  AS 
A  RESULT  OF  CULTIVATION  AND  WIND  EROSION . 

For  the  Lethbridge  loan  soils ,  none  of 

WHICH  ACTUALLY  TEXTURES  AS  A  LOAN ,  THE  VIRGIN  SOILS 
HAVE  18  TO  34  PER  CENT  CLAY,  21  TO  26  PER  CENT  SILT 
AND  45  TO  59  PER  CENT  SAND.  ThE  CULTIVATED  SOILS, 

BY  CONP ARISON ,  ARE  ALWAYS  HIGHER  IN  THE  CLAY  AND 
LOWER  IN  SAND  AND  SILT  CONTENT.  THEY  HAVE  FRON 
27  TO  36  PER  CENT  CLAY,  18  TO  22  PER  CENT  SILT  AND 
45  TO  51  PER  CENT  SAND.  On  THE  OTHER  HAND  B  HORI¬ 
ZON  SOIL  SANPLES  HAVE  24  TO  28  PER  CENT  CLAY,  22 
TO  26  PER  CENT  SILT  AND  46  TO  53  PER  CENT  SAND.  A 
SHIFT  TO  A  FINER  TEXTURED  SOIL  APPEARS  IN  MOVING 
FROM  THE  VIRGIN  Ah  HORIZON  TO  THE  CULTIVATED  A A . 

In  the  case  of  Antler  loam,  the  virgin 
SOILS  HAVE  26  TO  38  PER  CENT  CLAY,  37  TO  44  PER  CENT 
SILT  AND  25  TO  38  PER  CENT  SAND.  THE  CULTIVATED 
SOILS  CONTAIN  26  TO  36  PER  CENT  CLAY,  30  TO  37  PER 
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CENT  SILT  AND  30  TO  43  PER  CENT  SAND.  THE  CLAY 
CONTENT  IN  THE  TWO  A  HORIZONS  UNDER  INVESTIGATION 
IS  ABOUT  THE  SANE.  THERE  IS  A  GENERAL  TREND  TO¬ 
WARDS  AN  INCREASE  IN  SAND  AND  CORRESPONDING  DE¬ 
CREASE  IN  THE  SILT  CONTENT  OF  THE  CULTIVATED  SOILS. 

The  B  HORIZON  SAMPLES  vary  widely  in  their  mech¬ 
anical  composition.  They  have  19  to  38  per  cent 
CLAY ,  27  TO  50  PER  CENT  SILT  AND  27  TO  35  PER  CENT 
SAND.  The  B  horizon  is  lower  in  clay  and  higher 

IN  SILT  THAN  THE  VIRGIN  SOILS  IN  THREE  OF  THE  FOUR 
PROFILES. 


In  the  Peace  Hills  sandy  loam  soils 
THE  VIRGIN  SOILS  HAVE  14  TO  21  PER  CENT  CLAY,  5 
TO  6  PER  CENT  SILT  AND  73  TO  81  PER  CENT  SAND. 

The  CULTIVATED  SOILS,  IN  COMPARISON ,  HAVE  13  TO 
26  PER  CENT  CLAY,  4  TO  8  PER  CENT  SILT  AND  70  TO 
80  PER  CENT  SAND.  On  THE  OTHER  HAND,  THE  B  HORI¬ 
ZON  SOILS  HAVE  17  TO  22  PER  CENT  CLAY,  3  TO  6  PER 
CENT  SILT  AND  72  TO  80  PER  CENT  SAND.  THE  CULTI¬ 
VATED  SOILS  IN  BOTH  PROFILE  3  AND  4  ARE  SOMEWHAT 
FINER  TEXTURED  AND  ARE  PLACED  IN  THE  SANDY  CLAY 


LOAM  CLASS. 
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The  differences  in  mechanical  composi¬ 


tion  BETWEEN  THE  THREE  HORIZONS  OF  THE  FOUR  SOIL 
TYPES  ARE  SUMMARIZED  IN  TABLE  10. 

This  table  indicates  that  the  average 

MECHANICAL  COMPOSITION  OF  THE  VIRGIN  AND  THE  B 
HORIZON  IN  THE  DrUMHELLER  AREA  IS  ALMOST  IDENTICAL . 
A  SMALL  INCREASE  IN  THE  SILT  CONTENT  AND  A  CORRES¬ 
PONDING  DECREASE  IN  THE  CLAY  CONTENT  ARE  NOTED  IN 
THE  CULTIVATED  SOILS .  The  Aa  HORIZON  IN  THE 

Lethbridge  soils  are  higher  in  clay ,  and  lower  in 

SILT  AND  SAND  THAN  THE  Ah  HORIZON  WHICH  SUGGESTS 
WIND  SORTING.  THE  ANTLER  LOAMS  SHOW  A  SMALL  IN¬ 
CREASE  IN  SAND  AND  CORRESPONDING  DECREASE  IN  SILT 
RESULTING  FROM  CULTIVATION  AND  EROSION.  No  SUCH 
VARIATIONS  ARE  NOTED  FOR  THE  PEACE  HlLLS  SOILS. 


It  is  obvious  from  the  mechanical 

COMPOSITION THAT  WE  CANNOT  DRAW  DEFINITE  CONCLUS¬ 
IONS  CONCERNING  WIND  EROSION  EFFECTS  ON  THESE  SOILS 
WITH  THE  POSSIBLE  EXCEPTION  OF  THE  LETHBRIDGE  SOILS. 

The  variations  between  the  mechanical  composition 
OF  THE  Ah  and  the  Aa  soils  is  very  insignificant 


IN  THE  COARSE  TEXTURED  PEACE  HlLLS  SOILS.  THI S  IS 
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TABLE  10 


Average  Mechanical  Composition 


'  %  %  % 

SOIL  TYPE  HORIZON  SAND  SILT  CLAY  TEXTURE 


Drumheller 

Ah 

3 

CLAY 

Aa 

3 

B 

3 

Ah 

31 

Lethbridge 

.  Aa 

47 

L  OAM 

B 

48- 

Ah 

32 

Antler 

loam 

Aa 

38 

B 

32 

Ah 

77 

Peace 

Hills 

Aa 

75 

Sandy 

Loam 

B 

77 

19 

78 

HEAVY  CLAY 

26 

71 

HEAVY  CLAY 

21 

76 

HEAVY  CLAY 

24 

25 

SANDY  CLAY 

LOAM 

19 

34 

SANDY  CLAY 

LOAM 

32 

20 

L  OAM 

29 

39 

CLAY  LOAM 

24 

38 

CLAY  LOAM 

42 

26 

L  OAM 

5 

18 

SANDY  LOAM 

4 

21 

SANDY  CLAY 

L  OAM 

4 

19 

SANDY  LOAM 

1 
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BECAUSE  THE  SOIL  UNDER  INVESTIGATION  IS  SLIGHTLY 
EXPOSED  TO  EROSIVE  WINDS.  THE  SOUTHERN  REGIONS 
ARE  LOWER  IN  RAINFALL  AND  HIGHER  IN  FREQUENCY  OF 
OCCURRENCE  OF  EROSIVE  WINDS  THAN  THE  NORTHERN 

REGIONS.  The  structural  stability  of  soils  as 

PRESENTED  IN  THE  FOLLOWING  SECTION  WILL  GIVE  US  A 
HO RE  RELIABLE  ESTIMATION  OF  THE  DEGREE  OF  EROSION 
HAZARD  AND  RESISTANCE  OF  THE  DIFFERENT  SOILS  TO 
WIND  MOVEMENT . 

2.  Mean  ¥ei ght- Diameter 

Figure  8  presents  the  mean  weight- 

DI AMETERS  IN  MILLIMETERS  FOR  ALL  SOIL  SAMPLES.  THE 
MEAN  WEI GHT-DI AMETER  IS  AN  EXCELLENT  INDEX  FOR 
MEASURING  THE  DEGREE  OF  STRUCTURAL  STABILITY  OF 

soils.  Each  bar  in  the  diagram  is  the  average  of 

THREE  WET  SIEVINGS . 

Referring  to  the  figure  it  will  be  seen 

THAT  IN  THE  DRUMHELLER  CLAY  THE  MEAN  WE I GHT - D I AMET ER 
VARIES  FROM  1.52  TO  2.10  MM.  IN  THE  VIRGIN  SOILS, 
FROM  0.75  TO  1.49  MM.  IN  THE  CULTIVATED  SOILS  AND 
FROM  1.52  TO  1.80  MM.  IN  THE  B  HORIZON.  THE  AVERAGE 
MEAN  WEIGHT-DIAMETER  FOR  THE  Ah ,  Aa  AND  B  HORIZONS 
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ANTLER -LOAM 


MEAN  WEIGHT-  DIAMETER  IN  mm  BY  WET  SIEVING  METHOD 


Figure  8:  Mean  weight-diameter,  as  determined  by  wet  sieving 

See  Van  Bavel  (51) 
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ARE  1.553  1.12  AND  1.55  RESPECTIVELY .  BOTH  Ah  AND 
B  HORIZONS  ARE  SIGNIFICANTLY  HIGHER  IN  THEIR  MEAN 
WEIGHT-DIAMETER  THAN  THE  Aa  HORIZON.  THEREFORE  3  IT 
CAN  BE  NOTED  THAT  CULT  I  VAT  I  ON  AND  EROSION  HAVE 
DECREASED  THE  STRUCTURAL  STABILITY  IN  THE  DRUMHELLER 
CLAY.  In  FACT  THIS  DECREASE  IN  THE  STRUCTURAL 
STABILITY  CAN  BE  MAINLY  ATTRIBUTED  TO  THE  DISTURB¬ 
ANCE  OF  THE  ORIGINAL  HEAVY  CLAY  BY  CULTIVATION. 

However 3  it  is  also  recalled  from  the  previous  dis¬ 
cussion  ON  THE  MECHANICAL  COMPOSITION  THAT  THE 
CULTIVATED  SOILS  HAVE  LESS  CLAY  THAN  THE  VIRGIN 
SOILS 3  AND  THIS  HAS  PROBABLY  RESULTED  IN  LOWER  MEAN 
WEI GHT-DI AME TER S . 

For  the  Lethbridge  soils ,  the  mean 
WEIGHT-DIAMETER  IS  FROM  0.54  TO  0.98  MM.  IN  THE 
VIRGIN  SOILS 3  0.67  TO  1.08  MM.  IN  THE  CULTIVATED 

SOILS  AND  0.63  TO  0.87  IN  THE  B  HORIZON.  THE  AVERAGE 
MEAN  WEI GHT-DI AMETERS  FOR  THE  Ah 3  Aa  AND  B  HORIZONS 
ARE  0.74 3  0.91  AND  0.74  MM.  RESPECTIVELY.  It  IS 

INTERESTING  TO  NOTE  THAT  IN  THREE  SAMPLES  OUT  OF 
FOUR  THE  MEAN  WE I GHT - D I AMET ER  IN  THE  CULTIVATED 
SOIL  IS  HIGHER  THAN  IT  IS  IN  THE  Ah  HORIZON  AND  THAT 


IN  ANOTHER  THREE  CASES  OUT  OF  FOUR  IT  IS  HIGHER  THAN 
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IT  IS  IN  THE  B  HORIZONS .  THIS  CLEARLY  INDICATES 
THAT  THE  CULTIVATED  SOILS  IN  THE  LETHBRIDGE  AREA 
ARE  MORE  RESISTANT  TO  EROSIVE  AGENTS  THAN  THE  VIRGIN 

soil.  This  has  resulted  from  their  continuous 

EXPOSURE  TO  EROSIVE  WINDS  AND  THE  REMOVAL  OF  THE 
MOST  ERODIBLE  FRACTIONS.  HOWEVER,  THE  DIFFERENCES 
IN  THE  MEAN  WE I GHT-DI AMETER  IN  THE  THREE  HORIZONS 
ARE  NOT  SIGNIFICANT . 

In  the  case  of  Antler  loam,  the  virgin 

SOIL  IS  CONSISTENTLY  LOWER  IN  ITS  MEAN  WEIGHT- 
DIAMETER  THAN  BOTH  THE  Aa  AND  B  HORIZON  SOIL  SAMPLES. 

The  mean  weight-diameter  is  from  0.67  to  0.84  mm. 

IN  THE  VIRGIN  SOIL ,  0.99  TO  1.42  MM.  IN  THE  CULTI¬ 

VATED  SOILS  AND  FROM  0.96  TO  2.0  MM.  IN  THE  B 
HORIZON.  In  other  words  the  B  horizon  is  the  most 

RESISTANT  TO  EROSION  FOLLOWED  BY  THE  Aa  AND  THE  Ah 
HORIZON ,  THOUGH  THESE  TWO  HORIZONS  ARE  SLIGHTLY 
COARSER  IN  TEXTURE.  THIS  CLEARLY  INDICATES  THAT 
THE  MEAN  WE I GH T - D I AME TER  IS  NOT  AFFECTED  BY  SOIL 
TEXTURE  ALONE .  Ue  RECALL  FROM  THE  CHEMICAL  ANALYSIS 
THAT  THE  ORGANIC  MATTER  IS  HIGHEST  IN  THE  Ah  FOL¬ 
LOWED  by  the  Aa  and  B  horizon.  This  high  organic 


MATTER  CONTENT  GREATLY  REDUCES  THE  MECHANICAL  STAB- 
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I  LI  TY  OF  STRUCTURE ,  AS  FOUND  BY  GHEPIL  AND  MOSS  (22, 

39). 

In  the  fourth  soil  type,  the  mean  weight- 
diameter  IS  0.53  TO  0.70  MM.  IN  THE  Ah  HORIZON,  0.54 
TO  0.63  MM.  IN  THE  Aa  HORIZON  AND  0.52  TO  0.66  MM. 

IN  THE  B  HORIZON.  It  IS  QUITE  OBVIOUS  THAT ' THE 
DIFFERENCES  AMONG  THE  THREE  HORIZONS  ARE  SMALL  AND 
INSI GNIFI CANT . 

The  DIFFERENCES  IN  THE  MEAN  WEIGHT- 
DI AMETER  IN  THE  THREE  HORIZON  IN  THE  FOUR  SOIL  TYPES 
ARE  SUMMARIZED  IN  TABLE  11,  WHILE  THE  ANALYSIS  OF 
VARIANCE  IS  SHOWN  IN  TABLE  12. 

TABLE  11 


Average  Mean  Wei ght-Di ameter  in  Millimeters 


SOIL  TYPE 

Ah 

Aa 

B 

AVERAGE 

Dr umheller  clay 

1.55 

1.12 

1.55 

1.41 

Lethbridge  loam 

0.  740 

0.910 

0.  740 

0.  790 

Antler  loam 

0.  760 

1.19 

1.42 

0.840 

Peace  Hills 

SANDY  LOAM 

0.610 

0.  590 

0.690 

0.630 
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TABLE  12 

Summary  of  the  Analysis  of  Variance  of  the  Mean 

Wei ght-Bi ameter  Data 


Source  of  Variation 

F-  VALUE 

Replicates  . 

.  0.19 

Types 

•  t  • 

• 

• 

• 

• 

.10. 0 ** 

Horizons  .... 

.  0.  79 

Horizons  x  Types  . 

**  Si  GNIFI CANT  AT  ONE  PER  CENT  LEVEL 

L.S.D.  (Types)  ~  0,267 
L.S.D.  (Horizons)  -  0.339 


It  is  noted  from  the  above  table  that  in 

BOTH  THE  DrUMHE  LLER  AND  LETHBRIDGE  SOILS  THE  MECH¬ 
ANICAL  STABILITY  OF  STRUCTURE  IN  THE  VIRGIN  SOILS 

IS  EQUAL  TO  THAT  OF  B  HORIZON.  HOWEVER,  THE  MEAN 
WEIGHT-DIAMETER  IN  THE  CULTIVATED  SOILS  IS  HIGHER  IN 

Lethbridge  and  lower  in  Drumheller.  The  organic 

MATTER  ROLE  IN  AFFECTING  THE  MEAN  WE I GHT - D I AME T ER 
IN  THESE  TWO  AREAS  IS  IN  FACT  NEGLIGIBLE  SINCE  IT 
IS  FOUND  IN  RELATIVELY  SMALL  QUANTITIES .  On  THE 
OTHER  HAND,  THE  INCREASE  IN  THE  STRUCTURAL  STABILITY 

in  the  Lethbridge  area  is  undoubtedly  due  to  its 

CONTINUOUS  EXPOSURE  TO  WINDS,  WHILE  THE  DECREASE 
IN  THE  STRUCTURAL  STABILITY  OF  DRUMHELLER  CLAY  IS 
PRIMARILY  DUE  TO  THE  DISTURBANCES  OF  THE  SOIL  STRUC- 


S' 
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TUFLE  THROUGH  CULTI  VAT  I  ON  AND  SECONDLY  THROUGH  THE 
SMALL  REDUCTION  IN  CLAY  CONTENT.  ON  THE  OTHER  HAND 
THE  HIGHER  STABILITY  IN  THE  CULTIVATED  SOIL  OF  THE 

Antler  loam  is  a  result  of  the  loss  of  organic 
matter.  Finally  the  Peace  Hills  soil  samples  are 

GENERALLY  THE  LEAST  RESISTANT  TO  EROSION  AS  A 
RESULT  OF  THE  HIGH  SAND  CONTENT. 

Home  workers  have  found  a  high  correl¬ 
ation  BETWEEN  THE  RESISTANCE  OF  SOILS  TO  EROSION 
AND  BOTH  THE  FRACTION  OF  WATER-STABLE  SOIL  AGGREG¬ 
ATES  MORE  THAN  0.5  MM.  AND  THAT  SMALLER  THAN  0.05 
mm.  However  the  finest  sieve  in  this  study  has 

AN  OPENING  OF  0.125  MM.  CORRELATION  COEFFICIENTS 
BETWEEN  THE  MEAN  WE I GHT - D I AME T ER  AND  BOTH  THE  WATER- 
STABLE  AGGREGATES  GREATER  THAN  0. 50  AND  SMALLER 
THAN  0.12  MM.  IN  DIAMETER  ARE  SHOWN  IN  TABLE  15. 

Thus  it  can  be  seen  that  there  is  a 

CONSISTENT  POSITIVE  CORRELATION  BETWEEN  THE  MEAN 
WEIGHT-DIAMETER  AND  THE  FRACTION  OF  THE  WATER-STABLE 
SOIL  AGGREGATES  GREATER  THAN  0.50  MM.  IN  DIAMETER . 

On  the  other  hand  there  is  a  negative  correlation 

BETWEEN  THE  WATER-STABLE  SOIL  AGGREGATES  SMALLER 
THAN  0.125  AND  THE  MEAN  WE I GHT - D I AME T ER  WITH  THE 
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TABLE  13 


Coefficients  of  Correlation  Between  the  Mean  Weight 
Diameter  and  Both  Water-Stable  Soil  Aggregates 
Greater  Than  0,50  and  Less  Than  0,125  mm. 


TYPE 

water-stable 

AGGREGATES 

GREATER  THAN 

0,  5  MM, 

WATER-STABLE 

AGGREGATES 

SMALLER  THAN 

0,12  MM, 

Drumheller  CLAY 

+ 0 . 84* 

-0,13 

Lethbridge  loam 

+ 0,45 

+0,31 

Antler  loam 

+0,92 

-0,88 

Peace  Hills 
sandy  loam 

+0,  84 

-0,62 

*  R- VALUES 
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EXCEPTION  OF  LETHBRIDGE  SOIL.  A  HIGHLY  SIGNIFICANT 
NEGATIVE  CORRELATION  IS  NOTED  IN  ANTLER  WHILE  A 
LOW  POSITIVE  CORRELATION  IS  NOTED  IN  THE  LETHBRIDGE. 

It  can  thus  be  concluded  that  the  mean  weight- 

DIAMETER  IS  GREATLY  AFFECTED  BY  THE  AMOUNT  OF  WATER- 
STABLE  SOIL  AGGREGATES  GREATER  THAN  0.50  MM.  IN 
DIAMETER. 

3.  Determination  of  the  Erodible  Fraction 

”Erodible  fraction”  is  defined  here  as 
being  smaller  than  0.84  mm.  in  diameter.  Figure  9 

SHOWS  THE  PER  CENT  ERODIBLE  FRACTION  AS  DETERMINED 
BY  DRY  SIEVING. 

In  the  Drumheller  soils,  the  erodible 
FRACTION  IS  20  TO  27  PER  CENT  IN  Ah ,  20  TO  44  PER 
CENT  IN  THE  Aa  AND  17  TO  33  PER  CENT  IN  THE  B 
horizon.  Thus  it  is  noted  that  the  cultivated  soils 

ARE  MORE  SUSCEPTIBLE  TO  WIND  EROSION.  THI S  IS  IN 
AGREEMENT  WITH  OUR  RESULTS  OF  THE  MECHANICAL  COMP¬ 
OSITION  AND  MEAN  WE I GHT - D I AME T ER . 

As  for  the  Lethbridge  soils,  the  ero¬ 
dible  FRACTION  IS  48  TO  61  PER  CENT  IN  THE  Ah  HORI¬ 
ZON,  27  TO  70  PER  CENT  IN  THE  Aa  HORIZON  AND  54  TO 
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ERODIBLE  FRACTION  (<  0  84  mm.  in  diameter)  IN  PERCENTAGE 

BY  THE  DRY  SIEVING  METHOD 


Figure  9:  Percentage  of  erodible  fraction  (<  0.84  mm.  in 

DIAMETER)  AS  DETERMINED  BY  OHEPIL  -  CYLINDRICAL 
SIEVE  (26) 
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ERODIBLE  FRACTION  ( <0  84  mm  in  diameter)  IN  PERCENTAGE 

BY  THE  DRY  SIEVING  METHOD 
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Figure  9  (cont’d) 
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84  PER  CENT  IN  THE  B  HORIZON .  THE  B  HORIZON  IS 
MORE  EROSIVE  THAN  BOTH  Ah  AND  Aa  HORIZONS .  THI S 
INDICATES  THAT  BOTH  THE  VIRGIN  SOIL  AND  THE  CULTI¬ 
VATED  SOIL  MAY  BE  INFLUENCED  BY  EROSION .  In  FACT , 

A  LAYER  OF  DRIFT  ABOVE  THE  Ah  HORIZONS  WAS  OBSERVED 
WHEN  SAMPLING  THESE  SOILS.  The  MECHANICAL  ANALYSES 
INDICATE  THAT  VIRGIN  SOILS  ARE  RELATIVELY  LOWER  IN 
THEIR  CLAY  CONTENT  THAN  BOTH  Ah  AND  THE  Aa  HORIZONS . 

Thus  it  is  likely  to  have  a  larger  erodible  fraction. 

Data  for  the  Antler  loams  show  that  the 
ERODIBLE  FRACTION  IS  42  TO  75  PER  CENT  IN  THE  Ah  ,  39 

TO  52  PER  CENT  IN  THE  A A  AND  23  TO  48  PER  CENT  IN 
THE  B  HORIZONS.  The  Aa  AND  B  HORIZONS  APPEAR  TO  BE 
MORE  RESISTANT  TO  EROSION  THAN  THE  Ah  HORIZON.  THIS 
CAN  BE  ATTRIBUTED  TO  THE  HIGH  ORGANIC  MATTER  AND 
THE  SMALL  MEAN  WE I GHT - D I AME T ER  IN  THE  Ah  HORIZON. 

In  the  Peace  Hills  soils  the  erodible 
FRACTION  IS  58  TO  77  PER  CENT  IN  THE  Ah ,  44  TO  83 
PER  CENT  IN  THE  Aa  AND  59  TO  78  PER  CENT  IN  THE  B 
HORIZON  RESPECTIVELY .  THI S  SOIL  TYPE  APPEARS  TO 
BE  THE  LEAST  RESISTANT  TO  EROSION  AS  A  RESULT  OF 


ITS  HIGH  SAND  CONTENT 
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The  difference  in  average  erodible  frac¬ 
tion  CONTENT  IN  THE  SOIL  SAMPLES  ARE  SHOWN  IN  TABLE 
14,  WHILE  THE  ANALYSIS  OF  VARIANCE  RESULTS  ARE 

shown  in  Table  15 » 


TABLE  14 

Average  Erodible  Fraction 


SOIL  TYPE 

Ah 

Aa 

B 

AVERAGE 

Drumheller  CLAY 

23 

34 

,  25 

24 

Lethbridge  loam 

56 

45 

63 

54 

Antler  loam 

53 

33 

46 

34 

Peace  Hills 

SANDY  LOAM 

71 

73 

66 

70 

L.S.D.  (Types)  ~  13 


TABLE  15 

Nummary  of  the  Analysis  of  Variance  Results  for  the 

Dry  Sieving  Data 


SOURCE  OF  VARI ATI  ON 

F- value 

Replicates 

1.1 

Types 

21  ** 

Horizons 

0.36 

Horizons  x  Types 

2.1 

**  Significant  at  one  per  cent  level 
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We  recall  from  our  literature  review 

THAT  SOILS  WITH  MORE  THAN  50  PER  CENT  ERODIBLE  MAT¬ 
ERIAL  ARE  SUBJECT  TO  SERIOUS  EROSION.  THUS  IT  IS 
QUITE  CLEAR  FROM  THE  ABOVE  TABLE  THAT  THE  PEACE 

Hills  soil  is  the  most  erosive  followed  by  the 
Lethbridge ,  Antler  and  Drumheller  soils.  This  seems 

TO  FOLLOW  THE  MECHANICAL  COMPOSITION ,  THAT  IS,  THE 
MORE  FINER  TEXTURED  THE  SOIL,  THE  MORE  RESISTANT 
IT  BECOMES  TO  EROSIVE  WINDS. 

The  statistical  analysis  does  not  sug¬ 
gest  SIGNIFICANT  VARIATIONS  AMONG  THE  DIFFERENT 
HORIZONS ,  HOWEVER ,  THE  CULTIVATED  SOIL  IN  THE  DrUM- 
HELLER  ( Aa )  IS  RELATIVELY  LESS  RESISTANT  TO  EROSION 
THAN  THE  Ah  AND  B  HORIZONS .  In  COMP  ARISON  THE  Aa 
HORIZONS  OF  THE  LETHBRIDGE  AND  ANTLER  ARE  MORE 
RESISTANT  TO  EROSION  THAN  THEIR  CORRESPONDING  Ah 
AND  B  HORIZONS.  VERY  SMALL  VARIATIONS  ARE  NOTED 
BETWEEN  THE  Ah  AND  Aa  IN  THE  PEACE  HlLLS  SOILS.  THE 
B  HORIZON  IN  THIS  SOIL  TYPE,  HOWEVER,  IS  SLIGHTLY 
MORE  RESISTANT  TO  EROSION  THAN  THE  Ah  AND  Aa  SAMPLES. 
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POT  EXPERIMENT 

The  main  objectives  of  the  pot  experi¬ 
ment  WERE  AS  FOLLOWS: 

1.  To  DETERMINE  THE  RELATIVE  PRODUCTIVITY  OF  THE 
Ah,  Aa  AND  B  HORIZONS  IN  each  soil  type. 

2.  To  DETERMINE  THE  EFFECT  OF  DIFFERENT  NITROGEN 
AND  PHOSPHORUS  TREATMENTS  ON  THE  YIELD  OF  BARLEY. 

3.  To  DETERMINE  THE  RESPONSE  OF  BARLEY  IN  THE  THREE 
HORIZONS  UNDER  INVESTIGATION  TO  BOTH  NITROGEN 
AND  PHOSPHORUS  FERTILIZERS. 

For  this  factorial  experiment  the  form 

OF  ANALYSIS  SHOWN  IN  TABLE  16  WAS  USED  FOR  STATIS¬ 
TICAL  ANALYSIS  FOR  EACH  SOIL.  FOR  YIELDS.  SEE  TABLE  17. 

TABLE  16 

Form  of  Statistical  Analysis  Showing  the  Source  of 

VaRI  ATI  ON  AND  THE  DEGREES  OF  FREEDOM  


_ SOURCE  OF  VARIATION _ DEGREES  OF  FREEDOM 

Locations  (replicates) . 3 

Horizons  .  2 

Err  or  (1) . 6 

Ni  tr  o  gen . 2 

Phosphorus  .  2 

Nitrogen  x  Phosphorus  . 

Horizon  x  Nitrogen . T 

Horizon  x  Phosphorus . 4- 

Horizon  x  Phosphorus  x  Nitrogen  ...  <9 

Error  (2) . 72 


TOTAL  . 
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TABLE  17 


Oven  Dry 

Heights  of  . 

Barley 

Pl  ants 

IN  THE  Po  1 

'  Experiment 

I 

-  Drumheller 

Olay 

soil 

WEIGH 7 

’  IN  GRAMS  OF  THE 

four 

HORIZON 

TREATMENT 

REPLICATES 

AVERAGE 

REP. 

1  REP . 2 

rep . 3  REP  .  4 

NoPo 

4.5 

4.5 

3.6 

5.3 

4.  5 

NlPo 

6.5 

5.0 

4.8 

7.2 

5.9 

N2Po 

5.8 

7.0 

4.3 

8.0 

6.0 

Ah 

NoPl 

7.0 

4.5 

5.  5 

5.0 

5.5 

Horizon 

NoP2 

6.0 

4.5 

4.0 

6.5 

5.2 

HI  PI 

7.8 

5.  5 

7.4 

8.0 

7.2 

N1P2 

7.5 

7.0 

6.2 

8.  8 

7.4 

N2P1 

8.0 

6.  5 

6.8 

9.0 

7.6 

N2P2 

8.5 

8.2 

6.5 

9.  6 

8.2 

NoPo 

5.2 

4.8 

5.0 

7.4 

5.  6 

NlPo 

7.0 

7.2 

6.5 

8.4 

7.4 

N2Po 

6.0 

8.0 

8.0 

7.8 

7.4 

Aa 

NoPl 

5.0 

4.8 

5.  5 

8.2 

5.9 

Horizon 

NoP2 

6.0 

5.0 

5.  5 

7.2 

5.9 

N1P1 

7.5 

8.0 

8.  5 

8.  6 

8.2 

N1P2 

6.  5 

8.8 

7.  5 

8.6 

7.9 

N2P1 

6.8 

9.0 

7.  7 

8.5 

8.0 

N2P2 

7.0 

9.1 

8.2 

8.5 

8.2 

NoPo 

2.  5 

3.  5 

3.3 

3.0 

3.1 

NlPo 

3.  5 

4.3 

3.  5 

4.2 

3.9 

B 

N2Po 

4.0 

5.0 

5.0 

5.2 

4.8 

NoPl 

3.5 

3.5 

4.0 

3.0 

3.5 

Horizon 

NoP2 

3.5 

4.0 

3.0 

4.8 

3.8 
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TABLE  17  (coNTtD) 


SOIL 

WEIGHT 

IN  GRAMS  OF  THE  FOUR 

HORIZON 

TREATMENT 

REPLICATES 

A  VERAGE 

REP .  1 

REP.  2 

REP  .  3 

REP .  4 

N1P1 

6,2 

6.2 

7.2 

3.8 

5.9 

B 

N1P2 

6.5 

7.5 

7.  5 

7.0 

7.1 

Horizon 

N2P1 

7.0 

6.5 

6.  7 

7.6 

7.9 

N2P2 

6.0 

6.  6 

6.6 

8.  5 

7.9 

II 

-  Lethbridge 

Loam 

NoPo 

3.  5 

2.  7 

3.5 

3.2 

3.2 

NlPo 

5.5 

5.0 

4.0 

4.0 

4.  6 

N2Po 

5.4 

5.0 

5.2 

4.  5 

5.0 

Ah 

No  PI 

4.0 

2.  6 

4.0 

4.5 

3.8 

Horizon 

NoP2 

4.3 

3.0 

4.4 

4.0 

3.9 

N1P1 

5.6 

4.5 

7.0 

5.3 

5.  6 

N1P2 

5.  7 

4.  5 

6.3 

6.0 

5.  6 

N2P1 

6.4 

5.0 

6.  5 

6.0 

5.9 

N2P2 

7.3 

5.2 

6.  7 

5.2 

6.1 

NoPo 

1.6 

2.0 

4.  5 

2.  5 

2.  6 

NlPo 

2.6 

4.0 

5.0 

4.0 

3.9 

N2Po 

3.  7 

4.0 

5.4 

4.4 

4.4 

Aa 

NoPl 

2.2 

5.0 

4.3 

3.0 

3.  6 

Horizon 

NoP2 

2.2 

3.0 

4.2 

3.  8 

3.3 

N1P1 

3.3 

5.  6 

6.  6 

5.0 

5.2 

N1P2 

4.0 

6.1 

6.6 

6.0 

5.  7 
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TABLE  17  (contId) 


SOIL 

HORIZON 

TREATMENT 

WEIGHT 

IN  GRAMS  OF  THE  FOUR 

REPLICATES 

AVERAGE 

REP.  1 

REP.  2 

REP .  3 

REP .  4 

N2P1 

4.0 

7.0 

6.0 

5.8 

5.  7 

N2P2 

5.4 

6.  5 

6.0 

5.8 

5.9 

NoPo 

3.3 

3.  5 

2.0 

3.  5 

3.1 

NlPo 

5.0 

4.0 

3.4 

4.2 

4.1 

N2Po 

2.1 

6.0 

4.  5 

4.0 

4.1 

B 

NoPl 

2.8 

3.0 

3.0 

3.3 

3.0 

Horizon 

NoP2 

2.  5 

4.0 

2.3 

3.  5 

3.1 

N1P1 

5.5 

5.  3 

5.5 

6.2 

5.  6 

N1P2 

5.1 

5.  8 

5.8 

6.  5 

5.  8 

N2P1 

5.  7 

6.0 

5.3 

5.9 

5.  7 

N2P2 

5.  7 

6.0 

5.5 

7.0 

6.0 

III  -  Antler  Loam 

NoPo 

5.  5 

6.2 

5.0 

5.0 

5.4 

NlPo 

5.2 

6.9 

5.5 

5.2 

5.  7 

N2Po 

6.  5 

7.3 

5.3 

5.  6 

6.2 

Ah 

NoPl 

6.0 

5.3 

5.3 

5.8 

5.6 

Horizon 

NoP2 

8.0 

6.3 

4.8 

5.5 

6.1 

N1P1 

5.0 

6.5 

6.  6 

6.2 

6.1 

N1P2 

5.  5 

6.0 

6.5 

7.0 

6.2 

N2P1 

6.  5 

6.3 

6.0 

7.  6 

6 .  6 

N2P2 

6.3 

7.4 

6.4 

7.8 

6.  9 
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TABLE  17  (conttd) 


SOIL 

HORIZON 

TREATMENT 

WEIGHT 

IN  GRAMS  OF  THE 

REPLICATES 

FOUR 

A VERAGE 

REP  .  1 

REP  .  2 

REP  .  3 

REP .  4 

NoPo 

5.  5 

4.  5 

5.5 

4.2 

4.9 

NlPo 

4.1 

5.3 

5.8 

5.2 

5.1 

N2Po 

4.  5 

5.  5 

5.1 

6.  5 

5.  4 

Aa 

NoPl 

3.  8 

3.9 

5.8 

5.  5 

4.  7 

NoP2 

4.  0 

5.0 

4.8 

5.5 

4.8 

Horizon 

HI  PI 

3.2 

5.0 

5.5 

6.0 

4.9 

HIP 2 

4.0 

6.3 

5.  5 

7.0 

5.  7 

H2P1 

3.5 

6.  8 

6.2 

7.2 

5.9 

H2P2 

4.0 

8.0 

7.0 

7.  5 

6.  6 

HoPo 

3.  5 

2.3 

3.2 

1.8 

2.  7 

HlPo 

4.9 

3.3 

4.3 

3.  6 

4.0 

H2P6 

5.2 

4.0 

4.8 

3.1 

4.3 

B 

HoPl 

4.8 

2.3 

6.2 

2.  5 

3.9 

Horizon 

HoP2 

4.0 

2.5 

4.5 

3.0 

3.  5 

HI  PI 

5.  5 

5.0 

6.5 

6.  5 

5.9 

H1P2 

5.0 

6.2 

6.  5 

5.0 

5.  7 

H2P1 

6.  5 

5.8 

7.0 

5.  7 

6.2 

H2P2 

4.1 

7.2 

8.0 

6.  8 

6.5 

IV  - 

Peace  Hills  Bandy  Loam 

HoPo 

3.  5 

3.0 

3.0 

2.  0 

2.9 

HlPo 

4.2 

4.0 

4.0 

2.  5 

3.  7 

H2Po 

4.0 

3.0 

3.2 

2.1 

3.1 
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TABLE  17  (cont*d) 


SOIL 

HORIZON 

TREATMENT 

WEIGHT 

IN  GRAMS  OF  THE 
REPLICATES 

FOUR 

AVERAGE 

REP .  1 

REP.  2 

REP.  3 

REP  .  4 

NoPl 

3.2 

3.0 

3.8 

2.0 

3.0 

NoP2 

4.2 

3.8 

3.  5 

2.4 

3.5 

HI  PI 

5.  5 

3.5 

4.4 

3.0 

4.1 

Ah 

N1P2 

5.8 

4.4 

3.2 

3.2 

3.  9 

Horizon 

N2P1 

5.5 

4.8 

4.  5 

3.0 

4.4 

N2P2 

5.0 

5.1 

4.8 

3.  5 

4.6 

NoPo 

2.0 

3.3 

2.  6 

6.0 

3.  5 

NlPo 

2.2 

4.0 

3.0 

6.  5 

3.9 

N2Po 

2.  7 

4.8 

2.0 

6.0 

4.3 

Aa 

NoPl 

2.9 

3.  5 

3.  8 

5.0 

3.8 

Horizon 

NoP2 

2.8 

3.8 

2.8 

5.2 

3.  7 

HI  PI 

4.6 

4.4 

3.0 

6.0 

4.5 

N1P2 

5.5 

3.4 

4.3 

6.3 

4.9 

N2P1 

5.0 

5.0 

4.0 

5.8 

4.9 

N2P2 

5.3 

3.  5 

4.2 

6.2 

4.8 

NoPo 

1.5 

1.5 

1.7 

0.80 

1.4 

NlPo 

4.0 

2.3 

3.5 

2.2 

2.9 

N2Po 

3.0 

2.0 

3.8 

2.2 

2.  7 

B 

NoPl 

1.2 

2.0 

2.0 

1.0 

1.5 

NoP2 

1.0 

6.  5 

2.2 

1.2 

2.  7 

Horizon 

N1P1 

4.8 

4.  5 

3.2 

2.  5 

3.  7 

N1P2 

5.0 

4.5 

4.2 

2.3 

4.0 

N2P1 

5.0 

4.6 

4.0 

3.2 

4.2 

N2P2 

4.5 

4.3 

4.2 

4.2 

4.3 
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In  Table  17  is  recorded  a  complete  list 
OF  THE  POT  EXPERIMENT  RESULTS  (432  OBSERVATIONS) 
GROUPED  ACCORDING  TO  SOIL  TYPE ,  WHILE  THE  STATISTICAL 
ANALYSIS  IS  SUMMARIZED  IN  TABLE  18. 


TABLE  18 

Summary  of  the  Statistical  Analysis  of  the  Pot 

Exper  i  men  t  Da  ta 


SOURCE  OF 

F-  Value 

VARIATION 

Drumheller 

Lethbridge 

Antler 

Peace  Hills 

REPLICATES 

0.91 

0.48 

0.  50 

0.085 

HORIZON 

5.2 * 

0.36 

3.  5 

1.3 

NITROGEN 

37** 

140** 

26** 

28** 

PHOSPHORUS 

50.  0 ** 

41  ** 

12** 

12** 

NITROGEN  X 
PHOSPHORUS 

4.  0 ** 

3.4* 

0.97 

1.1 

HORIZON  X 
NITROGEN 

4.  3** 

5.3 

3.  7** 

1.7 

HORIZON  X 
PHOSPHORUS 

6.  3** 

3.2 

3.3* 

0.80 

HORIZON  X 
NITROGEN  X 
PHOSPHORUS 

1.9 

0.  79 

0.29 

0.56 

**  Significant  at  one  per  cent  level 

*  Si  GN I  FI  CANT  AT  FIVE  PER  CENT  LEVEL 

Throughout  the  course  of  the  experiment 

AND  AS  SHOWN  IN  THE  RESULTS ,  BOTH  THE  Ah  AND  Aa  SOILS 

IN  THE  DRUMHELLER  AREA  PRODUCED  THE  HIGHEST  VEGETATIVE 
GROWTH  AND  YIELD  COMPARED  WITH  OTHER  SOILS.  THE  PEACE 

Hills  sandy  loam  soils  were  the  least  productive  as 
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A  RESULT  OF  THEIR  COARSE  TEXTURE .  No  SIGNIFICANT 
VARIATIONS  IN  THE  WEIGHTS  OF  BARLEY  ARE  NOTED  IN  THE 
DIFFERENT  HORIZONS  WITH  THE  EXCEPTION  OF  THE  DrUM- 
HELLER  SOILS  (TABLE  16).  In  THIS  LATTER  SOIL  TYPE 
BOTH  THE  AH  AND  Aa  HORIZONS  ARE  SIGNIFICANTLY  HIGHER 
IN  THEIR  PRODUCTIVITY  THAN  THE  B  HORIZON.  THE  CHECK 
YIELD  IN  THE  CULTIVATED  SOILS  OF  DrUMHELLER  IS  ABOUT 
ONE  AND  A  QUARTER  TINES  THAT  OF  THE  Ah  AND  ABOUT 
TWICE  AS  MUCH  AS  THE  B  HORIZON  ( TABLE  17).  THE 
SLIGHTLY  HIGHER  PRODUCTIVITY  OF  Aa  IN  COMPARISON 
WITH  AH  NAY  BE  ATTRIBUTED  TO  THE  USE  OF  CONNERCIAL 
FERTILIZERS  AND  THE  DISTURBANCE  OF  THE  NATURAL  FINE- 

TEXTURED  clay.  However ,  it  is  also  recalled  from 
THE  CHEMICAL  ANALYSIS  THAT  THE  Aa  HORIZON  WAS  SLIGHTLY 
HIGHER  IN  ORGANIC  NATTER  THAN  THE  Ah  HORIZON. 

Though  no  significant  variations  are 

NOTED  AMONG  THE  THREE  HORIZONS  UNDER  INVESTIGATION 

in  Lethbridge,  Antler,  and  Peace  Hills  samples,  more 

INFORMATION  CONCERNING  PRODUCTIVITY  WILL  BE  NOTED 
IN  DISCUSSING  THE  INTERACTIONS.  It  IS  OBVIOUS  THAT 
FOR  THE  DIFFERENT  HORIZONS,  THE  MAIN  "PLOTS”,  THE 

DEGREES  OF  FREEDOM  FOR  ERROR  IS  SMALL  WHEN  COMPARED 
WITH  THE  DEGREES  OF  FREEDOM  FOR  ERROR  USED  IN 
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ASSESSING  THE  INTERACTIONS,  AND  THEREFORE  LESS 
ACCURATELY  MEASURED .  SUFFICE  IT  TO  MENTION  AT  THE 
PRESENT  MOMENT  THAT  THE  Aa  HORIZON  OF  THE  LETHBRIDGE 
SOIL  IS  SLIGHTLY  INFERIOR  IN  PRODUCTIVITY  TO  BOTH 

the  Ah  and  B  horizons .  On  the  other  hand,  the  Aa 

HORIZON  IN  THE  PEACE  HlLLS  SOILS  IS  SLIGHTLY  HIGHER 
IN  PRODUCTIVITY  THAN  THE  Ah  HORIZON .  FINALLY,  IN 

the  Antler  samples,  the  Ah  is  the  most  productive 

FOLLOWED  BY  THE  Aa  AND  THE  B  HORIZON.  It  IS  THUS 
INTERESTING  TO  NOTE  THAT  ON  THE  AVERAGE  THE  PRODUCT¬ 
IVITY  OF  HORIZONS  OF  ANY  PARTICULAR  SOIL  TYPE  IS 
PRIMARILY  ASSOCIATED  WITH  THE  PER  CENT  ORGANIC  MATTER 
PRESENT  IN  THE  SOIL . 

The  barley  plants  grown  in  the  Drumheller 

SOILS  EXHIBITED  GREATER  RESPONSES  TO  NITROGEN  THAN 
PHOSPHORUS  INDICATING  A  GREAT  NEED  FOR  NITROGEN 
FERTILIZERS.  THI S  IS  ILLUSTRATED  IN  TABLE  19. 

TABLE  19 

Nitrogen-Phosphorus  Lnteract i on  in  Drumheller  Soils 


NITROGEN 

Po 

phosphorus 

PI 

P2 

No 

4.  4* 

5.0 

5.0 

N1 

5.  7 

7.0 

7.4 

N2 

6.2 

7.6 

6.1 

L.S.D.  *  0.92 
*  Yield  in  grams. 

Average 

OF  TWELVE  POTS 
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The  addition  of  phosphorus  did  not  signif¬ 
icantly  INCREASE  YIELD  OVER  THAT  OF  THE  CHECK,  WHILE 
A  GREAT  RESPONSE  OCCURRED  BY  ADDING  NITROGEN  AT  FIFTY 
POUNDS  PER  ACRE  LEVEL.  THE  ADDITION  OF  NITROGEN  AT 
ONE  HUNDRED  POUND  PER  ACRE  LEVEL  DID  NOT  S I GN I F I C AN T L Y 
INCREASE  THE  YIELDS  OVER  THAT  OF  THE  FIFTY  POUND 
LEVEL . 


The  response  of  barley  to  fertilizer 

NITROGEN  AND  PHOSPHORUS  DIFFERED  FROM  ONE  HORIZON  TO 
ANOTHER  AS  ILLUSTRATED  IN  TABLES  20  AND  21. 

TABLE  20 


Nitrogen-Horizon  Interaction  in  Druhheller  Soils 


HORIZON 

No 

NITROGEN 

N1 

N2 

Ah 

5.1 

6.8 

7.3 

Aa 

5.8 

7.8 

7.9 

B 

3.5 

5.  6 

7.9 

L.S.D.  «  0.92 

Phosphorus-Horizon 

TABLE  21 

Interaction 

in  Drumheller  Soils 

horizon 

Po 

PHOSPHORUS 

PI 

P2 

Ah 

5.5 

6.  7 

6.9 

Aa 

6.8 

5.8 

7.3 

B 

3.9 

5.8 

6.3 

L.S.D.  «  0.92 
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It  is  obvious  from  Tables  20  and  21  that 

BOTH  THE  Ah  AND  Aa  DID  NOT  SHOW  RESPONSE  TO  NITROGEN 
AT  THE  ONE  HUNDRED  POUND  PER  ACRE  LEVEL  AND  EXHIBITED 
SIGNIFICANT  RESPONSES  TO  THE  FIFTY  POUND  PER  ACRE 

LEVEL.  The  B  horizon  showed  response  to  both  levels. 
The  Ah  and  B  horizons  responded  to  the  forty  pound 

PER  ACRE  P^Or-  LEVEL  WHILE  IN  THE  CASE  OF  THE  Aa 

2  5 

HORIZON  IT  RESULTED  IN  ONLY  A  SLIGHTLY  HIGHER  YIELD. 

The  addition  of  eighty  pounds  P o0 r  caused  insignifi- 

*  2  5 

CANT  INCREASES  OVER  THE  FORTY  POUND  TREATMENT  IN  THE 

YIELD  OF  ALL  HORIZONS. 

The  absence  of  interaction  ( horizon- 
nitrogen  AND  HORIZON-PHOSPHORUS)  IN  BOTH  THE  LETH¬ 
BRIDGE  and  the  Peace  Hills  soils  (Table  17)  clearly 

INDICATES  THAT  THE  THREE  HORIZONS  UNDER  INVESTI¬ 
GATION  IN  BOTH  SOIL  TYPES  ARE  OF  EQUAL  PRODUCTIVITY. 

However ,  the  overall  response  to  nitrogen  and 

PHOSPHORUS  IN  THE  LETHBRIDGE  SOILS  IS  ILLUSTRATED 
IN  THE  FOLLOWING  TABLE. 
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TABLE  22 


Nitrogen-Phosphorus  Interaction  in  Lethbridge  Soils 


NI  TR  0  GEN 

Po 

PHOSPHORUS 

PI 

P2 

No 

3.0 

4.2 

4.5 

Nl 

3.  5 

5.  5 

5.8 

N2 

3.4 

5.  7 

6.0 

L.S'.B.  *  0.80 


It  is  noted  froh  the  above  table  that 
the  Lethbridge  soils  showed  more  response  to  phos¬ 
phorus  THAN  TO  NITROGEN  FERTILIZER .  THIS  HAY  BE 
ATTRIBUTED  TO  THE  POSSIBLE  LACK  OF  AVAILABLE 
PHOSPHORUS  IN  THESE  SOILS.  No  SIGNIFICANT  INCREASES 
IN  YIELD  ARE  NOTED  BY  ADDING  THE  HIGH  LEVELS  OF  BOTH 
NITROGEN  AND  PHOSPHORUS .  THAT  IS ,  ONE  HUNDRED  POUNDS 
PER  ACRE  NITROGEN  AND  EIGHTY  POUNDS  PER  ACRE 

The  HORIZON  FERTILIZERS  INTERACTION  IN 

the  Antler  loan  soils  is  illustrated  below. 

TABLE  23 

Hori zon-Ni trogen  Lnteracti on  Ln  Antler  Boils 


HORIZON 

No 

NI TR 0  GEN 

Nl 

N2 

Ah 

5.  7 

6.0 

6.  6 

Aa 

4.  8 

5.2 

6.0 

B 

3.4 

5.2 

5.  7 

L.S.D.  ®  1.2 
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TABLE  24 


Horizon -Phosphorus  Interaction  In  Antler  Soils 


HORIZON 

Po 

PI 

P2 

Ah 

5.8 

6.1 

6.  5 

Aa 

5.1 

, 5.2 

5.  7 

B 

3.  7 

5.3 

4.  4 

1.2.1.  »  12 


The  Ah  and  Aa  horizons  being  naturally 

HIGH  IN  ORGANIC  MATTER  DID  NOT  RESPOND  TO  PHOSPHORUS 
AND  NITROGEN  FERTILIZERS .  On  THE  OTHER  HAND  THE  B 
HORIZON  SHOWED  A  SIGNIFICANT  RESPONSE  FOR  BOTH  THE 
FIFTY  POUND  PER  ACRE  NITROGEN  AND  THE  FORTY  POUND 
PER  ACRE  P 2^  5' 

In  c oncluding  this  section  on  the  pot 

EXPERIMENT  IT  CAN  BE  NOTED  THAT  THE  LETHBRIDGE  REGION 
HAS  SUFFERED  THE  MOST  AS  A  RESULT  OF  WIND  EROSION  AND 
CULTIVATION .  THE  FERTILITY  OF  THE  Aa  HORIZON  IS 
SLIGHTLY  LOWER  THAN  THE  B.  It  SHOULD  BE  BORNE  IN 
MIND  THAT  THE  LOW  PRODUCTIVITY  OF  THE  PEACE  HlLLS 
SOILS  IS  PRIMARILY  DUE  TO  ITS  COARSE  TEXTURE .  On 
THE  OTHER  HAND  THE  DRUMHELLER  SOILS  ARE  THE  MOST 

productive.  However ,  further  erosion  will  undoubt¬ 
edly  REDUCE  THE  PRODUCTIVITY  SINCE  THE  B  HORIZON  IS 
SIGNIFICANTLY  LOWER  IN  PRODUCTIVITY  THAN  BOTH  Ah 
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AND  Aa  HORIZONS . 

The  Brumheller  soils  exhibited  tile  need 

FOR  NITROGEN  FERTILIZERS,  WHILE  THE  LETHBRIDGE  SOILS 
SHOULD  BE  SUPPLIED  WITH  PHOSPHORUS .  The  Ah  AND  Aa 

soils  in  the  Peace  Hills  did  not  show  the  need  for 

NITROGEN  OR  PHOSPHORUS .  ThIS  IS  IN  CONTRAST  TO  THE 
B  HORIZON  WHERE  NITROGEN  AT  FIFTY  POUNDS  PER  ACRE 
LEVEL  AND  P r,0  ^  AT  FORTY  POUNDS  LEVEL  ARE  REQUIRED . 

The  ORGANIC  MATTER  PERCENTAGE  IN  ANY 
SOIL  HORIZON  IS  FOUND  TO  BE  A  MAIN  FACTOR  AFFECTING 
PRODUCTIVITY  OF  SOILS  OF  ANY  PARTICULAR  TYPE. 

Finally,  from  Table  17  it  can  be  observed 

THAT  IN  DrUMHELLER,  THE  ADDITION  OF  NITROGEN  AT  ONE 
HUNDRED  POUNDS  PER  ACRE  ALLOWED  THE  B  HORIZON  TO  BE 
AS  PRODUCTIVE  AS  THE  Ah  HORIZON.  No  ADDITIONS  ARE 
NEEDED  FOR  THE  Aa  HORIZON.  In  LETHBRIDGE ,  THE  Aa 
HORIZONS  NEEDED  FIFTY  POUNDS  PER  ACRE  NITROGEN  OR 
ONE  HUNDRED  POUNDS  PER  ACRE  P o0 r  TO  PRODUCE  AS  MUCH 

2  5 

AS  THE  Ah  horizon,  while  no  additions  are  required 
FOR  THE  B  HORIZON.  TlIE  Aa  HORIZON  IN  ANTLER  EXHIB¬ 
ITED  THE  NEED  FOR  ONE  HUNDRED  POUNDS  PER  ACRE  OF 
NITROGEN  WHILE  THE  B  HORIZON  NEEDED  FIFTY  POUNDS 
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PER  ACRE  NITROGEN  AND  FORTY  POUNDS  PER  ACRE  P pO 

Finally ,  the  Aa  horizon  in  the  Peace  Hills  did  not 

REQUIRE  ADDITIONS f  WHILE  THE  B  HORIZON  NEEDED 
FIFTY  POUNDS  PER  ACRE  NITROGEN  AND  FORTY  POUNDS  PER 
ACRE 
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SUMMAR  Y 

1.  The  total  wind  mileages  in  the  southern  portion 

OF  THE  PROVINCE  ARE  MUCH  HIGHER  THAN  THOSE  IN 
THE  NORTHERN  PORTION.  THE  LETHBRIDGE  REGION 
IN  PARTICULAR  IS  EXPOSED  TO  WINDS  OF  EXTREMELY 
GREAT  VELOCITIES  -  MUCH  IN  EXCESS  OF  THOSE  IN 
ANY  OTHER  AREA  IN  THE  PROVINCE . 

2.  The  high  wind  speeds  in  the  late  spring  and 

EARLY  SUMMER  CAUSE  SERIOUS  HAZARDS  IN  ALBERTA 
SINCE  AT  THIS  TIME  OF  THE  YEAR  THE  SOILS  ARE 
BARE  AND  DRY ,  AND  CROPS  HAVE  NOT  YET  GROWN 
ENOUGH  TO  PROTECT  THE  SOIL. 

3.  Erosive  winds ,  that  is ,  wind  causing  erosion 

DURING  THE  TROUBLESOME  MONTHS,  OCCUR  MORE  THAN 
FIFTY  PER  CENT  OF  THE  TIME  AT  GALGARY  AND 

Lethbridge . 

4.  Mind  erosion  and  cultivation  have  not  signifi¬ 
cantly  ALTERED  THE '  ORGANIC  MATTER  AND  TOTAL 
NITROGEN  CONTENT  IN  BOTH  THE  DRUMHELLER  AND 
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the  Lethbridge  areas.  Reduction  in  the  organic 

NATTER  IN  ANTLER  LOAN  SOILS  IS  PRINARILY  BROUGHT 
ABOUT  BY  CULTIVATION.  THE  CULTIVATED  SOILS  IN 

the  Lethbridge  area  are  slightly  lower  in 

ORGANIC  NATTER  THAN  THE  B  HORIZON. 

5.  No  SIGNIFICANT  DIFFERENCES  ARE  NOTED  FOR  THE 
TOTAL  PHOSPHORUS  IN  THE  VARIOUS  HORIZONS  EXCEPT 

in  the  Antler  soils. 

6.  The  calciun  carbonate  equivalent  in  the  Leth¬ 
bridge  SOIL  IS  SURPRISINGLY  HIGHER  IN  THE  Aa 
THAN  IN  THE  B  HORIZON  INDICATING  THAT  WIND  ERO¬ 
SION  HAS  RESULTED  IN  THE  LOSS  OF  ALL  THE  Ah  AND 
PROBABLY  HOST  OF  THE  B  HORIZON. 

7.  The  Lethbridge  soils  exhibit  more  variation  in 

TEXTURE 9  AS  A  RESULT  OF  CULTIVATION  AND  EROSION , 
THAN  THE  OTHER  PROFILES.  THE  SAND  CONTENT  IN¬ 
CREASED  AT  THE  EXPENSE  OF  A  DECREASE  IN  THE  SILT 
CONTENT . 

8.  The  mechanical  stability  of  structure  as  measured 

BY  EITHER  THE  WET  OR  THE  DRY  SIEVING  INDICATED 
THAT  THE  Aa  HORIZON  IN  THE  DRUMHELLER  SOILS  IS 
LESS  RESISTANT  TO  EROSION  THAN  BOTH  THE  Ah  AND 

B  horizons .  This  is  in  contrast  to  the  Aa  at 
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Lethbridge  where  this  horizon  was  the  host  resis¬ 
tant  TO  EROSION  AS  A  RESULT  OF  THE  REMOVAL  OF  THE 
ERODIBLE  FRACTION.  The  PEACE  HlLLS  SOILS  ARE  THE 
LEAST  RESISTANT  TO  EROSION ,  HOWEVER ,  THE  LOW  WIND 
SPEEDS  IN  THIS  AREA  AND  THE  RARE  OCCURRENCE  OF 
EROSIVE  WINDS  COUNTERACT  THIS  EROSION  HAZARD . 

9.  The  pot  experiment  indicated  that  the  soils  of 

Drumheller  are  the  most  productive  and  that  Leth¬ 
bridge  SOILS  ARE  SUFFERING  MOST  FROM  EROSION . 

The  Drumheller  soils  exhibited  the  need  for 

NITROGEN  WHILE  THE  LETHBRIDGE  SOILS  EXHIBITED 
THE  NEED  FOR  PHOSPHORUS .  The  PRODUCTIVITY  OF 
DIFFERENT  HORIZONS  AS  A  WHOLE  WAS  FOUND  TO  BE 
ASSOCIATED  PRIMARILY  WITH  THE  PER  CENT  ORGANIC 
MATTER. 

10.  The  removal  of  the  top  soil  in  the  Drumheller 

AREA  BY  CONTINUOUS  EROSION  WILL  REQUIRE  THE 
ADDITION  OF  ONE  HUNDRED  POUNDS  OF  NITROGEN  PER 
ACRE  TO  RESTORE  THE  REMAINING  SOILS  TO  EQUAL 
FERTILITY.  THE  LETHBRIDGE  SOILS  ALREADY  SEVERELY 
ERODED  REQUIRE  FIFTY  POUNDS  OF  NITROGEN  PER  ACRE 
OR  ONE  HUNDRED  POUNDS  OF  P o0 ^  PER  ACRE.  On  THE 


OTHER  HAND ,  IN  BOTH  THE  ANTLER  AND  PEACE  HlLLS  SOILS 
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THAT  IS,  IN  THE  RED  DEER  AND  THE  EdNONTON  AREA, 
THE  REMOVAL  OF  THE  TOP  SOIL  IS  NOT  LIKELY  TO 
OCCUR  SINCE  THESE  AREAS  ARE  EXPOSED  TO  MODERATE 
WINDS  AND  RELATIVELY  HIGHER  RAINFALL  THAN  THE 


SOUTHERN  AREAS 
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